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L. GENERAL 


1 Purpose and Use 


i. Airborne radar equipment K-IIM is designed for searching 
|  tand detecting sea surface moving or stationary targets and 
ee large ground objects irrespective of the optical visibility. 
fe ' . It is also meant for controlling guided missiles from 
‘the moment they are released to the moment the tarzet is 
destroyed. | 3 
a Radar equipment K-IIM is installed on heavy bombers. types 
>. TY-4KC and TY-16KC, intended to attack and destroy sea 
surface targets with guided missiles. 

noe Se - Before release of a guided missile from the aircraft 

- carrier the radar equipment allows preparation of the ruided 
o .  ;jmissile for release to be made and performance of the equip=- 
gee f« nent installed on the guided missile to be checked. 


' 2-.Gomposition of Radar Equipment 
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Radar equipment KeIIM 1s completed as follows: 
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4 | 
a 3 
: ae, Receiver a a | 4 
| = ye 4 Sweep unit pO as 4 4 
7 5. | Indicator unit 1-5. 3 
ie . 6 Remote indicator (PPR) I-6M 
fo yee Autoseleotor . OO l-7 
8 Regulated reotifier I-8 phe ead 
9 | Bank ond sighting stabilisation Ie-9 ay 
fee unit ayes a ) a 
10 | Tracking unit ; a I-10 | 
te 11 | Control panel a 11M : 
-: 12 | Distribution box sf eg 
13 | Automatio control box |.  -13M 
da Amplidynes a fe m14 
15 | Sighting antenna oo ee 1-150 . 
: "16 | Radto=frequency iit: unit 1-164 
- 27 | Inverters I and IT =) a8 
18 | Course ond pitoh etn aene aon, . 1-19 | | 
| unit gee as a : 
19 Remote control panel So 1-20 a 
20 | Course indication unit i 6 1-21 a 
.. 2l Connection box | fg I-22 : 
22 , Cables | gb ee a 123M “ 
23 | Coupling waveruide _ ft. 1-24 | : 
2h | High-voltage rectitfer = =8==-ss- «S| gos 3 
23) | Agimuth gyro with converter 7  J-27 | 
HATHA " ; 
* 26 | Reoording unit — | fang 
ie 27 | Bighting atation (ootlinator | a I-2900 i 
| aight) ga, +5 >= : ~~ a 
28 | Cheok board kel ket? — FE 
4 29 Indicator HK0e42~ ) ; 
_... JO | Spare parte, tools and acoes= . | 
sories | 
Cot 4 
 Nete: 2. ee ae and I-16 are made meee a 
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Name of characteristios 


| 
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£1 | Maximum flight altitude of H 10 kn. 
: which station operates in 

| navigation oondition : 

me Distance range ay 10 in. 


bi ' 3 | Beam width of homing antenna: | | " 
ve 0 (a) in H plane 3.a° 4 
co | (b) in B plane 2.5 ve 
A 4 | Frequenoy af radiation during £5 
| search and homing | 
| Prequency of sighting system | . fo 
Pulse power W pulse 90 kW 
| Mean power Wiccan + 1. 60 W 
) Pulse duration % 0.5 psen 
a | ; . Ts . _ 1 paseo, 
| | | 9 | Pulse repetition rate during "4 
, search oe, 
10 | Pulee repetition rate: during No 
i homing 
[11 | Sensitivity of receiving ohgnnel Na | 94 dd/mv 
12 | sensitivity of sighting channet No 85 ab/nv 
113 | crystal osoiilator frequency oe 60 Ko/s o 
14 | wobbulation frequency = ie OePeBe 
15 | Main intermediate frequency — By | 30 Mo/s 
16 | Sighting intdrmediate frequeno ss no More 
117 | Beam width of sighting ontennn By hd” + 2 
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II. OPERATING PRINCIPLES OF RADAR STATION KeTI! 


a Target search 


ae: sea surface and ground targets are detected in the same. 4 
co way as in ordinary panoramic radar stations. The underlying ne 
a principle of target detection is reflection of radio waves. “ 
4 The radiation pattern has the form of a beam 3.4° wide 
oa dn plane H, and 2.5° wide in plane 'R. 
7 ‘The azimuth position of the antenna allows the direction 
~ + to the refleating object to be found. 
| The speed of antenna rotation is approximately 6 r p.m. 
The indicator screen has a long afterglow property and 
despite comparatively low antenna speed the operator ey 
observe reflected signals on the entire surface of the sereen. 
| Apart from ciroular Soanning the station is capable of 
“painting” space within an assigned sector. 
Nuring sector scanning the brightness and contrast of 
the image increase, since the objects within the saanned 
 seotor are more frequently illuminated by the radiated pulses. 
| Nepending upon the distance to the target the operator 
nical one of four range soales: 10 km., 50 km., 100 km. y 


the search of a target to attack 4s started on the 200=km 
scale. — ° 
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: ‘m the plan position indloator there are bright range 
: — (range markers) tho distance between which corresponds 
o 10 km... 20 km, « 40 km. | | 
ae depending upon the Bweep rance goale 
| when the operator 4g required to foous his attention on 
& certain saction (seotor) of the terrain use is made of 
sector scanning. | | i 
; ‘he vertioal diameter of the PPI screen corresponds to 
the projeaotion of the aliroraft longitudinal axis. | 
During the antenna rotation the moment it fs trained along 
the longitudinal axis of the alroraft may be marked on the Pp . 
soreens with a bright radial line = course line al 
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f} _ By using the course line, the rotary light filter with 


aoete (oalibrated in degrees from 0° to 360°) the operator 
pan determine the course angle of the target. 

Ps - Having chosen the target for attack, the operator stops 
eas | 7 he antenna in the target direotion. 

: Then the operator changes to manual target search. 

a The target distance is determined approximately by range 
fharkers. By means of potentiometer RANGE (JAIBHOCTB ) located 
eon control panel J-11M the operator matches the range 

rarker with the target selected. After placing the function 
Eswitch on the panel in position MANUAL IT ( PYUHOE II ) the 
Roperator makes the risht and left pulse pips equal on the tracke 
ping Screen by using handwheels AZIMUTH (A3MMYT ) and ELEVATION 
EC HAHWJIOH). The target being tracked is located in the sweep 
pcentre of the tracking indicator. 

: By placing potentiometer RANGE on the control panel in 
Ethe middle fixed position the operator locks on the target 
Rand starts tracking it automatically in range. 


aS 
a 
; 





Set le, 


Set poy se oy, s — . sais ne 
"ans a part 10 + kee wae Ba einen 
tas - * awn ~ _ Fe 7 6 ~ me a . 
: ~ s = _ : , a 
- : . a ce eee ween tangs z = re ~ 
wnat owe ee, oe, See LY Deemer? : . t . * = ig 
« : ae : nae ; ss —— ‘ = mere , a: mart wep se age 
ae ba ‘at tae. as a ote whee ‘ . yee 


5 When setting the funotion switochlooated on the control hi 
Bg : Fe 
panel to position AUTOMATIC ( ABT.) the operator transfers _ Gi 3 I 
a he target to automatio tracking in angular coordinates. | ye 
fs fee 
- F ¢ % at i! 3 
- c+ Automatic Tracking and Selection of Target Kh 
H in Range i 
" Automatic tranking and selection of a target in range : Ay 


a Aooomplished hy the following main elements: variable delay 
wClrouit, comparator, interrator and seleotor. 3 His 
The vartable delay circuit produces a variable-length . i 
ppulse. The leadiny edge of this pulse corresponds to that of | 
bithe pulse radiated by the antenna, and the trailing edge may | 
E be time-shifted throush variation of the D.” voltage applied Rig 
4{¢0 the variable delay oirouit. This voltage is generated by a Ki 
3 42 
|| 

| 

{ 

1 


a 
a 







hi the integrator and its magnitude may be varied either 
pmanually, by Pens mGE on control panel J-11M during 


Ae 
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_. . Manual lock-on and tracking of the target in range, or fh 
_ automatically by means of the comparator ciroutt during EE 
cave: Butomatilo target tracking in range. The trailing edge of fs 
Led ee ene variable-length pulse triggers the sweep of the tracking : fe 
4 > 2 of Sadtoator with 10-km. range scale and fixed delay multivibrator. | i 
. ee The multivibrator ensures generation of two gate pulses, hy 
|. Yange marker and a strobe pulse with a 5-km. range displace- 3 Ef 
: amen with respeot to the start of the sweep of the tracking fi 
. indteator. ui 
oe The gate pulses shifted by 0.7 msec. with respect to hy 
each other are furnished one to the first valve and the other, fe 
| to the second valve of the comparator. Apart from bein- a 
| furnished with gate pulses the both valves of the seapar acon fy 
are fed from the receiver output with Signals of all Pavbate | | hy 


pioked=-up by the antenna. shifting the trailing edge of the 


_—— . 
- =—e 


ne . 
| ariable=-length pulse the operator matches the range marker a 
on the tracking indicator with the wanted target echo and Ah 
-. Whereby locks on the target’ in range. Ht 
ee In this oase, the signal from the selected target sets . f 
as a the gate pulses. Purther, 1’ the target pulse is shifted : Ke 
in relation + | orn 

o the gate pulses, one of them is found overlapped ooh 


by the target pulse more than the other and this results in — 8 
* positive or negative voltage at the comparator output : : 


one i? ae 


RTA ie ce gebb SS tig 
<a | age ver ‘ 

ee ee TL 
— si = ye Pe 
: at oT 


(depending upon the displacement side of the target pulse) 
These voltares are converted by the integrator into a : : t 

‘ t aie 

3 pean control voltage. The magnitude of the control voltage ._ vd 
| tas eae de to the target range, and the rate of its ee ft 
= to tne amount the gate pulses: are ov | h 

target pulse. : °* apenenea by the oa ‘I 
, | Yhen the tarzet pulse moves towards "further the control. | | : 
voltage inoreases and vice versa deoreases when it. ; | if 
towards ‘nearer’, | | ee ° an 
This control voltage 41s applied to the variable delay . : if 

oirouit to control the length of the otrouit pulse eG : | : 

| The trailing edge of the variable-length pide ana oe | dt 
- _Sonsequently, of the gate pulse 4g Bhifted in time ee Pg Oe 
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foverlapping of the gate pulses by the target pulse is e pees: 
} tee. until the target pulse ig between the gate pulses _* 
Thus, during movement of the target or carrier sixieaes 
flight, the target ig being continuously traoked in range 
| The selector allows only those target pulses to nace 
.| through which are time-coincident with the strobe pulse. Ags 
eae strobe pulse is striotly time=coinoident with the outs 
| ft Pulses, there ara only Signals from the target tracked in 
7 | Tange at the seleotor output. 
; These pulses are furnished to the System of automatic 
| tracking of the target in angular coordinates. 
: Thus, due to automatic tracking and selection of the 
: target in angular coordinates the automatic tracking in 
/ direction funotions only when triggered by the signals from 
ss the targets seleoted by the operator by covering them with 
- the range marker. | | 


As Automatic Trackin of Target in Angular Coordinates : i 


- When the station operates in automatic tracking mode the es Stag 
. Yadtator of the station antenna rotates about the axis of cote 
the parabolic mirror with high angular speed. 

The antenna radiator ig displaced from the electrical 
| axis of the reflector, therefore the bean of radio waves 
radiated by the antenna describes a cone in space whose axis  e_: ae 

. _ is that of the antenna. | , | oe oo 
ss Part of space in close proximity to this axis is known” ! 
as the equisirnal zone. 7 | 
: All objeats being in equisirnal zone will be Liluminated 
. by radio pulses whoge power is independent of the radiator 
_ position during rotation and, consequently, one or another 
| Object in the equisignal zone will refleot echo pulses whose 
intensity does not change during radiator rotation, ‘ 

Objects outside the equisignal gone will refleat echoes a1. 

Whose intensity is dependent upon the position of the radiator af 
during rotation. : 7 : : 
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- 12 = Dash 
' | Thus, the reflected signals picked up will be modulated 
by the rotation frequency of the antenna radiator. 4 = 
| . The phase and modulation depth of the reflected pulses 
will completely characterize the location of the oDtect with : 
‘respect to the antenna axis. : 
| The phase of pulse modulation will change with the 
: ‘ angular position of the object with respect to the antenna. 
oe Thus, the pulses reflected from the target and picked 
; up by the antenna after being amplified and detected, will 
produce low~frequency voltage whioh oontains information 
; both on angular ooordinates and amount of defleotion from 
3 the equisignal gone. | 
t | This voltage is known as the error voltage. 
: 
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Fig.3 shows the antenna radiation pattern. On the right 
of the figure is diagrammed the amount of reflected enerry 
at various positions of the target in relation to the para- 
_boloid axis. . 
The antenna is s0 oonstructed that the axis of the antenna 
directed elentromagnetioc beam is off the paraboloid axis by 1.5%. 
Driven by motor 2-60 the radiator rotates about the 
optioal axis of the mirror at speed WD r.p.m. causing 
- rotation of the antenna beam about the optical axis of the 
mirror so, that its maximum deseribes a oone in space. 
fig. 4 is a representation of the radiation pattern and 
- the cone formed by the maximum of radiation of the antenna 
- when it ia rotated. Prom Fig.3 it is seen that if the target 
. dis just on the rofleotor axis, the receiver will pick up 
. 20 per cent of the maximum energy irrespeotive of the position ‘o 
of the radiation pattern, 


If the tarfet is l. 5° off the paraboloid axis the refleoted — 
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Fig.5,a shows the magnitude of the picked-up reflected 
signal for two positions (upper and lower) of the antenna, 
the target being 1.5° above the paraboloid axis. es 
Fig.5,b shows the same for the oase, when the target _ 
dis on the paraboloid axis. ; | 
Fig.5 shows only two extreme positions of the radiation 
pattern but since the antenna is rotated oontinuously, the 
| signal intensity will vary continuously between the extremities. 
Fig.6 shows the change of the signal intensity per one 
| revolution of the radiation pattern, 16 pulses being shown 
assumingly, though muoh more pulses fall on one revolution. 
Such an intensity modulation of the picked=<up signals 
is the error signal. 





Fig.7,a shows a signal of the error occurring when the 
target is displaced in esimuth only. Fig.7,b presents an . 
error signal formed when the target is shiftedin elevation. 

As it is seen from Figs 7,a and 7,b the error signal 
‘oaused by the agimuth displacement of the target lags by 
90° from the error slenal oaused by the elevation displacement. 

Fig.7,0 shows the error signal in agimuth and elevation. 

In Fig.?7 the refleotor axis is shown assumingly as a | 
point located in the oentre of the circle. The axis of the | ras 
|radiation pattern is shown as a point desoribing a oirole. 
|} during rotation. 

The target is presented in the fore of oa cross=hatohed' | 
oclrole. a | | 

Deflection of the target from the direotion of the 
| paraboloid axis changes the range of variation of the eoho 
/pulse amplitude. | 

If the target is in the direction of the paraboloid 
axis (equisignal gone), the intensity of the refleoted signals - , 
is constant (error signal is equal to zaro). The wider the. ~~ 
measurement range of the pulse amplitude, the greater the 
modulation depth and, BORE eae nenyy the ecceeee the error 
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| | ay 
> ee The echo pulses plioked up are modulated by the frequency tr. 
: of antenna radiator rotation. The phase and modulation depth i 


ao” 


ate 
43% 


: _, of the eoho pulsos fully characterize the location of the 
| target relative to the antenna axis; the farther the objeot : 
| from the equisignal zone, the greater the modulation factor 
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: the echo pulses will gain. fs 

: | The phase of modulation of the pulses will vary with the bh 

¢ angular position of the objeot relative to the antenna. Bia: 

in synchronism with the radiator is rotated the rotor aa 

of the reference voltage generator (ITOH ). The cencrator stator i) 

has two windings shifted by 90° with cach other, therefore, ve 

the sinewave voltages produced by these windings have the i 

frequency equal to that of the radiator rotation and are 90° fit 

: out of phase with each other. Ae 

_ | _— One of these voltages is the azimuth reference voltage, an 

the other =~ the elevation reference voltage. He 

t ey The error voltage is compared with two reference voltages i 

, in the azimuth and elevation phase detectors of unit 1-10. i 

As a result azimuth and elevation control Voltages are ie 

produced. Bi 

These voltages after being amplified act on the actuating We 

motors, antenna J-{1 along the azimuth and elevation axes. Re 

4s _Automatio Tracking Monitoring fe 

The automatic target tracking is observed on a special | fi 

indicator. The indicator is also used for monitoring the | | a 

selection of a target for tracking in ranze. He 

the voltage supplied from the reference voltaze generator 7 ae 

| | and switeh throurh o transformer switches On one or the other i 

: " Video amplifier in unit I-5 ana sweep intensifioation unit. ~ ¢ mi 
| | The chanresover 1s done‘so that the Soreen displays the Ae 
. _ target pulses corresponding to the passage of the right , \. 

3 and loft position by the beam of the antenna during its 


rotation. 3 
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The target pulse pips on the soreen with the target in 
‘the equisignal zone are eques in amplitude and direoted in 
opposition. 

The target being tracked is always in the oentre of the 
‘sweep on the tube soreen. 


be seen in the lower portion, and the targets located farther, 
in the upper portion of the indicator.’ 


Qe oighting System 


| The sighting system ensures reception and observation of 
signals from the transponder located on the guided missile. 

Per each pulse radiated by the main antenna of the 
station the transponder produces one reply pulse at wave 
length Ta. 

a2 the transponder is moved away from station K-Iii, the 
reply pulse observed on the soreen of the sighting indicator 
will depart from the start of the sweep, and the distance 
+o the transponder oan be read off from the calibration 
markers on the indicator soreen. 

Besides, the transponder is so designed that when being 
moved away from the equisignal line of the K-II antenna, 
the reply pulses are modulated by phase=pulse modulation. 

Thorefore, these pulses are seen on the soreen of the 
sighting indicator in the form of a puree more or less 
blurred in range. 

‘he blurring width depends upon how far the transponder 
'4ds moved away from the equisignal zone. 





G, Beam Ca ture stem 


To facilitate oatching of the guided missile by the 
homing antenna beam after it has been released, provision 
4s made in the carrier airoraft for a beam capture system 
consisting of collimator sight K10<T (unit J-29M ), phase 
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deteotor (unit [21 ) and beam capture indicator, (pginter 
instrument WUKO-42 ). : | | 
Coupled to the optical system of the oollimator sight 
| | is a selsyn, type A=3, which is connected electrically 
_.with azimuth selsyn A=3 of the homing antenna. 
The optical system of the collimator sight is aimed at 
. the missile after it has been released. 
| Ti"the axes of ‘the optical system and the homing antenna 
beam do not run in parallel, azimuth error signals will appear 
at the output of the sighting station selsyn. 
These signals are fed to the phase=-dctector to be converted 
into a control voltage which defleots the pointer of the beam 
capture indicator. : : 
| Tue to a program potentiometer with a timer being used 
in course indication unit J-21 the deflection of instrument 
MKO—42 is proportional to the distance between the carrier 
airoraft and equisignal zone. 
On the basis of the data presented by the beam capture 
indicator the pilot manoeuvres the carrier airoraft so as to 
ensure beam oapture of the missile, 
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ee eee 


is Gyrostabilization of Antenna a a 

2 The station enploys bank, course and pitch stabilization - fi 
of the antenna. | - 
The bank stabilization ensures correct transmission of the | “h 


phase of reference voltages to the guided missile irrespeotive if 
of the oarrier atiroraft attitudes. | oe 


| 
a7 
The oourse and pitch stabilization preoludes the possibili= ey 
_ ty of the automatio target tracking failure during seers aan a 
_ manoeuvring or during flight in bumpy air in - if 


case of fadi 7 th 
and other shortetimed interferenoe,. . aor | # 
; ‘ | i 
In addition, the oourge and pitoh stabilization improves __ ? | 


target deteotion during slight ma - 3 : 
: | noeuvres of + ar : , ah 
| alroraft.: | he o rier at, o | uj ? 
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P | Used as a transmitter of the bank,, course and pitch 
o stabilization system 1s a vertical gyro of autopilot All-5, 
ae | The error signal of bank stabilization is picked off from 
= ;the diagonal of a bridge formed by the bank potentiometer of 
| ‘the vertical gyro and test potentiometer on the antenna whose 
| slider shaft is ooupled through a reduction gear with the 
bank stabilization shaft. 

The error signal is fed to the input of unit J-9 and 
}converted into a control voltage in the phase detectar. 

The control voltage is applied to the D.C. amplifier 
fcontrolling the behavior of the relay amplifier which supplies 
jan actuating motor, type JK-11, turning the antenna round the 
bank gyrostabilization shaft. 

The error signal of the antenna pitch stabilization is 
jpicked off from the diagonal of a bridge formed by a pitch ; 
jpotentiometer of the vertical gyro and test potentiometer whose - 
‘shaft is coupled with the elevation shaft through the reduction © 
gear and differential. 

The error signal is communicated to the input of the 
|phase cetector of pitch stabilization (unit J-19 ). The pitoh 
istabilization relay amplifier of unit 19 controls the 
|operation of actuating motor [K-11 coupled through a 
‘differential with the antenna elevation shaft. 1 
, In order to match the longitudinal and lateral shafts of 

{the vertical zyro and antenna, the vertical gyro rotates in 
(azimuth in step with the antenna. 

The aircraft course data are presented by directional 

peyro TIK- and selsyn=transformer (unit J-27). | 

; The receiving selsyn is mounted on the antenna and coupled 
pwith the azimuth shaft of the aircraft through the reduction oes 
fear and differential. . 
7 The errcr signal is passed from the transmitting selsyn - 
krotor to the course stabilization phase deteotor of unit 1W19, 
The relay amplifier oontrols the oporation of actuating 
pnctor AK=11, whioh turns the antenna in azimuth through the 


Sete Tas 


ao PT Nee ee 
Sera ed cated yo, Te 
a cote. Sigs et 


re 
wee ee 


sp La 


Og EOS 
r —. 


ame a: 
LY Fi tggee mast Yi Moen 


ee LE 


ie 
ee nae 
pe 


4 


a 

# 
yy | 
Is 

oY 

eat 

t 
a ek? 


ae - ~*~, 

SEO Fe oe 

OE PTT ns So, 

aig oe cae ea ee 


ne, 
* , 
Ve ae 


eee Re a ile aa * 





SEenel 


Ce ae At ray pa ete renee bese Sori PP pre ie. oe CS A ONT GI ORR ET OA Fe a CF A Ee 








Declassitied In Part - Sanitized Copy Approved for Release 2012/04/18 ; CIA- RDP78- O03066R000200220001-4 


PAVREIVIIN Vigouvk 








SECRET _ 


' .. yeduction gear and differential following the change in the 
| : aircraft hending. 
Sishtiny antenna J-15M must bo trained in the same 
direction with the homing antenna (unit J-1 ). 
: | To centrol the azimuth rcetation of the sighting antenna 
in synchronism with the rotation of the homing antenna, unit 
- Je15M mounts a selsyn-transformer, and unit J+*1, a 
transmitting selsyn.. . “i 
The error sicnal from the selsyn transformer is supplied 
to the antenna contrcel phase=detector of sighting unit I-9. 
The relay amplifier controls the operation of actuating 
motor MK=+11, which turns the sighting antenna until it 
becemes matched with the homing antenna. 


8. Functional Diagram of Radar Equipment 





the functions performed by separate units and stages are 
most diversified. = 

The funotional diagram presented in Fig.8 gives better 
understanding of the operation and interaction of the units. 


(1) ime Relationships 
oynchronous seleotor unit Jl? is used to stabilize 
trigger pulse repetition frequency, produce repetition 
frequencies radiating pulses, coordinate trigger pulses in 
time, as well as to synchronize the operation of certain units 
of the station. 


The frequency is stabilized by a crystal oscillator 
operating at a frequency cL 60 Kc/s. 


The erystal oscillator pulses pass through three frequenoy 
dividers and are applicd direotly to or through a variable 
delay circuit (wobbulation phantastron JI7=4 preducing pulse 


train vobbulation) to the blooking oscillator en in 
the 1:1 or 132 division mode, 
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The wanted division is chosen when changing the range 


| Located on control panel J-11M, 


, This is how the required pulse train frequency n, is 

| formed (during target tracking 10 km., 50 km., 100 kn. ‘ or 

yn, (in 200-km. search mode). . 

The first in time to go is the pilot ee of K=l oircuit 
(time moment t,) (See Fig.9). 

The suppressor trigger pulses in unit 3 and sweep 
}trigger pulses in unit J-4M are delayed by 90 »sewin relation 
(to the above pulse. 

| The transmitter trigger pulse in unit J-2M is delayed by 
}l usec. more relative to the trigger pulse of the suppressor 

| and sweep. om 

7 The synchronizing pulses are communicated to the external 
| cireuits through the cathode followers. 

: At time moment 5 the phantastron variable-delay circuit 
fis started; the trailing edge cf the phantastron pulse controls 
ithe generation moment of the trigger pulse of the tracking 

| indicator (in the sweep unit), as well as the operation moment 
| of the 34 msec. fixed delay multivibrator. 

The trailing edge of the 34 w~sec. multivibrator pulse 
fcrms the range marker and triggers the generator producing lst 
land 2nd gate pulses, the 2nd gate pulse being delayed by 
0.7 psec. relative to the lst pulse with the help cf a delay 








Mc 


Ae 


‘| line. 


| The trisger pulses cf the tracking indicator, gate pulses 
and range marker can move simultaneously in relaticn to time 
ty with mutual time delays being preserved. 

Since generaticn of the above pulses is connected with 


|} cperation of the varioble=delay phantastron the change in the 


duration cf the phantastron pulse makes it possible to move 
‘the pulses tc the ontire distance range and to matoh tho range 
‘mark and gate pulses with 1% upon mbyestance of the target 

| pulse e 
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' their low internal resistanae. 


' the magnetronand at this rnoment radio frequenoy oso 
are built up in the magnetron with frequenoy f 
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The target pulse he cunh the comparatcr and integrator 
olrouits ocontrcls the pulse duration of the variable=delay 
phantastren keeping the gate pulses autcmatically in the stato 
of balance with respect tc the target pulse. 

The pulse frem the target boing tracked and the strobe 
pulse are communicated to the coincidence stage. 

The coincidence stage allows the pulse of the tracked 
target to pass through the selector channels blcoking the 
passage through the specified channels of all the pulses from © 
other targets. | | 


The selected pulse is amplified and fed through the cathode 


_fclicwers to the external cirouits (to units 13, 4M ana 10) 


where it is used fcr tracking the target autcmatiocally in 


“ d@ireoticn and for eperaticn of the AGC system. 


(?) Receiving=Transmitting Part 


Transmitting=receiving unit J2 (modulatcr part ) is fed 
from the autoselector with pesitive-gcing pulses at repetition 
frequency n, or Np - a | 


The incoming pulses are amplified by the trigzer amplifier 
utilizing valve 6H8C and passed to the control prids of : 


submodulator valve TH+30. 


This stage operates as a biased blocking osoillatcr ana 
shapes the pulses cf ‘the required amplitude, form and duration. 


From the submodulator the shaped pulses are fed to the 
control grids cf the modulator sta 


PMU-83 cperating in parallel. 
When fed with a pulse, the modulator v 
plate cf the reservoir capacitcr kept 


ge consisting of two valves 


alves ground the 


Owlne to this the reservoir aapacitor disoharfes through 


tiilations 
1» Mo/s. 


The receiving waveruide inocrporates a orystal mixer 
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t 
jwhioh apart from being fea with RF energy receives RE energy , é 
‘from the local osoillator using klystren Kel9. 7 
As a result of the acticn prceduoed by two RF oscillaticns 
(IP signals of 30 Mc/s are discriminated onthe orystal mixer 
Fload. 





a 
SE ST EI 


eae 
apy 


These signals are fed to a three-stage IF amplifier using . 
ivalves 6XI1II. 

| To protect the orystal mixer from high=power pulses cf 

RF energy propagating over the waveguide at the moment of 
‘transmission, the input of the T+R box pReOr pcre Vee gas 

| disoharger PP=49. | 

: The main waveguide attaches the anti~%--2 box with gas 
fdischarger PP-6,which ensures no losses of reflected signal in 
‘the magnetron channel. 

| Besides, the main waveguide attaches a waveguide length 
_finoorporating a crystal mixer and having elements coupled A 
| with the main waveguide and waveguide of the local osoillator. i 
Owing to these coupling elements the orystal mixer at 

ithe moment cf transmission is supplied with two high-frequency © 
Fosoillations (from the magnetron and klystron) which oreate 

/ IF signals across the load. 

: These sirnals are ccnverted by the klystron 5FC circuit 
Pinte a control vcltage being applied to the klystron repeller 
pto make intermediate frequency ccnstant. 

The AFC oircuit comprises a twoestage IF amplifier, 

| frequency detector, two-stage video amplifier, searoh blocking 
foscillator and regulating stage. | 

) The AFC system is of the search type. 

When the intermediate frequency deviates from the wanted 


evalue the oirouit produces the voltage which is used to control — 
@the oscillato: Sxecueney by varying the voltase at. the 
eiystron repel? Ole 

E The output of the IF amplifier of the transmitting= | 
— unit» is applied to IF amplifier unit J3. 4 


The output BI enetS are amplified in the unit by the 
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signals to be amplified by the video amplifier and are oommuntoa ) 
b ed to two cathode followers operating in series. " 
I The output Signals of the first cathode follower are a 
| | furnished to the solector of unit I7. =~ | 


~trre selected video pulse is used in unit iO fcr automatic 
| tracking in direotion and for automatic gain control of the 
FO IF amplifiers in unit J3 (receiver). 
a | The output pulses of the second cathode follower are | 
passed tosiwcepunit J4M, in indicator unit [5 and are used Vege 
for observing them on the indicator soreens. : 





(3) Sveep a and presentation System 


ae 
tee” eS - 


a aa 


The pips are observed on four indicators, two cf them being 
intended for cbservation of the ground and target selection. 


1 
Pe eA HR oe emanate ley ae Ug Rm oe me he eT ae “* ns mM + 7 = ~~ ssp ' > 
_ Woes aap: eee coe nue : sett ea an ae ~ Na ee a age 
“=e = ote —_ oS Senin - ewe . i. 


b , | They duplicate each other's operation and are used = one a 
by the operatcr, the other by the navigator. Py 
The third indicator is intended to check the antenna ft! 


directicn tc the selected target. 

The fourth one (sighting indicator) determines the posi- 
tion of the guided missile in the beam and its distance to 
the target. 

The first two indicators use radialeoiroular sweep, the 
third indicator, l=type display and the fourth one, A-type fe 
display. | an) 

The sweep voltage is formed by the oirecuits of the sweep od 


2 ES ST ER TO 


ater he a 
en 


There are two sweep channels in the unit, one cf them is : 
intended fcr beam deflection in the search and sighting | 


+ rig =e 
ma, - 


b | indicators, the other for beam defleotion in the indicator for 
cheoking the homing antenna direction which is known as the s : 
tracking indicator. : 


| The first sweep channel ‘is triggered by the pulses coming 
/ from unit [7 (Cautoselector) for one miorosecond before the 
transmitter starting when the Bweep range soales are 50 kn. 
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}100 km., 200 km. or by the pulses with variable delay relative 
| to the transmitter pulses when the range soale is 10 kn. 

| For cases requiring all the range soales the variable~ 
}delay pulses are supplied for triggering the seoond sweep 

} channel (traoking indicator). | 

| The first sweep channel oonsists cf a sweep trigger multi-~ 
ivibrator, sweep generator and two three-stage sweep voltage 

| amplifiers. | 

| The required duration (range) of the saw—toothed voltage 
‘is obtained by switohing range scoales 10, 50, 100 and 200 cn 
(the oontrol panel of the station. 

This 1s accompanied by switching of resistors in the 
;anode cirouit of the sweep generator. 

The first sweep channel has two outputs. 

| Prom one output the sweep voltage is applied to the 
deflection coils of operator's indicator 5, from the other, 
(‘to those of navigator's indicator J6M. 

| The circular sweep in these indicators is obtained by 
irotating the defleotion ccils in synchronism with the rotation 
}of the homing antenna through a selsyn drive. 

The signals producing bright spots on the indicator soreens 
fare supplied from the output mixer located in the sweep unit 

ito the video amplifiers mounted in the indicators and are 
further passed to the control electrodes of the cathode=-ray 
tubes. 














| These signals consist of video pulses, range marks, course 
jline marks and range calibration marks. 

The latter are produced by the oalibrator mounted in the 
sweep unit, 

The first anodes of the salen tubes are fed from 

tthe swoep generator with brightening square pulses due to which ‘| 
the beam trace on the indicator sereens is being left only 

‘during the sweep forward stroke. 

The second channel oomprises a driven multivibratcr and 

a sawetoothed voltage senerator. = 
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Fe , ie 
. | The saw=etoothed voltace is impressed on the Y=plates of ; ' 
as the cathode=ray tube of the tracking indloator. 
The X=plates of the tube are fed with video pulses. I 
re Since the plates are fed with signals from various video h 
| amplifiers, the switching of these video amplifiers by the f 
azimuth reference voltage results in left and right peaks being t 


Visible on the tube screen. 





pen 

‘The right pulse corresponds to the right-hand position fp 

of the beam during the radiator rotation and the left, to E 

she left-hand position of the beam. | 

een, The video pulses on the indicator screen are located on fi 

- the left and right of the sweep trace. : {i 
A ae | If the target is exactly in the directicn of the equisignal ‘i 
A line, the amplitudes of the left and’ right signals are equal hy 
aa and their equality is used to check the target direction of 6 
be the antenna. a 
I | - Out of a number of video pulses arriving at the tracking fh 
3  dndioator a signal from the selected target is marked with | | ‘ 
@ range mark which is fed from unit J7, | ert 

| Being brightened by the range mark this signal is clearly _. 1 

visible on the soreen and the range mark itsel? is presented on | ae 

the screen as a bright spot located in the middle of the sweep 

trace. Ay 

The sighting madaaeton employs A-type display. | 4 

‘he sweep is formed in unit J4M (swoep unit) and ; My 

furnished to the sweep amplifier in the indicator unit (15 ) th 

and further to the “Neplates of -sha cathode=ray tube. ih 

| 7 From the mixer in the swoep unit through the video 1 

b . amplifier in the indloator unit the Y=plates are furnishea | ih 
| with tho voltage of the signal which enables the distance of 

between the misuile and the target to bo measured and gives i 

= estimation of the missile flight in the eaeeranet ZONC al 

fh 

- iW 
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_ a _ (4) Homing Antenna Control 


| The radiator system of the homing antenna may be rotated 
ae about three mutually perpendicular axes: one vertioal and two 
Ee | horizontal. | : 
| Rotation about the vertioal axis is known as rotation in 

. azimuth, and rotation about horisontal axes is known as rota-~ 
P " tion in elevation and bank respeotively. 

- The azimuth rotation is used to perform the following 
funotions: 

(a) Cireoular soanning of the ground. 

(bd) Sector soanning of the ground. 

(o) Aiming the antenna manually to the seleoted target 
in azimuth. | 

Cd) Automatio target tracking in azimuth. 

The rotation in elevation is used fors 
be i (a) Seleotion of a radius of the sweep area in the 
| ae search mode. 

b ol (b) Aiming the antenna to the selected target during 
manual search in elevation. 

(c) Automatic target tracking in elevation. 

The position of the antenna in space is stabilized by 
the course. bank and pitch gyrostabilization system. | 

The gvrostabilization is effected by means of vertical 
gyro All-5 and asiruth gyro J-27 (TIK-]). 

The antenna is rotated in azimuth by oontrol motor {+75 
and gyrostabilization motor K-11. | 

From aither motor motion is imparted through the reduction 
units and differential to the big azimuth gear of the antenna. 

Motor Jl-75 is coupled mechanically with selsyn KC=1 | 
(transmitter), and motor IK+11 with selsyn NIC] (flat selsyn 
transmitter). 4 

durins rotation of motor 1-75, angular difference ocours 
| between the rotor of selsyn KC=1 looatoed in the antenna eg 
| | Cunit J-1) and rotor of selsyn KC=2 mounted in the control ath 
panel (unit Jl-i1M ). 
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“4, 4 The error voltage developed in the rotor of selsyn : ' 
I = KC=-e is used for manual oontrol of tho antenna in azimuth [ 


Rie ea ’ ~, 
aon a, OT ye ee Oa 


} and seotor scanning. r 
} Selsyn IICI is oonneoted electrically with a flat selsyn 


bh, % | (reoelver) looated in the azinuthzyro Cunit [27 ). 
: The voltage developed in the rotor of this selsyn is 
: 4 used for course gyro stabilization. 
Coupled meohanioally with the azimuth rotation shaft of 
the antenna are selsyns CIC-i1 and A~3. 
Selsyn CIC-1 is designed to produce ciroular sweep in 
the plan position indioators. | 
Selsvyn A-3 1s a selsyn transmitter and operates into two 
Selsyn receivers: receiving selsyn A~3 located in unit [-15 
| and receiving selsyn A-3 looated in unit I-¥29M (sighting 
I ‘ station) or into receiving selsyn A=3 in unit [+21 Ccourse 


p | indication unit). 
. The voltages developed in the rotors of these selsyns 
- | are used: one for controlling the sighting antenna in azimuth, 


and the other for cheoking the coincidence of the axes of the 
homing antenna and sighting station, or axis of the homing 
antenna with the structural axis of the aircraft. : 
The rotation in elevation is effected in essentially the 
Sane way as the azimuth rotation by elevation motor [+75 and 
gyrostabilization motor IK-11. 
Motor ]-754is coupled mechanically to elevation selsyn 
KCel, and motor JK-11 +0 the elevation potentiometer. 
jelsyn KC=l is conneoted electrically with elevation 
receiving selsyn Kc=2 mounted in the control panel. 
| The rotor voltage of the selsyn is used for manually | 
_ _ controlling the antenna in elevation, | 
: The potential difference between the slider of the 
&yro pitch potentiometer and that ‘of the elevation pote 
| is applied to the pitoh gcyrostabilization 
, - Cpiteh and course stabilization unit). 


Selsyn CICM=1 of the homing antenna ig conneoted 


: eleotrically with seleyn CMCN«1 of the control panel which | 
serves as an o6lavation indloator, , 
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oe a | The bank rotation is effeoted by motor [K=11, 
leas | At the same time the motor rotates the slider of the 
a ‘bank potentiometer. 
| | : The potential difference between the slider of the bank 
b w potentiometer located in the vertical gyro and the slider of 


ithe bank potentiometer located in unit J-1 (antenna) is 
i rsupplied to unit J-9(bank and sighting aksacmeceatimaliniais 
hy -}for bank gyrostabilization. 
re . The homing antenna radiator is rotated by a motor, type 
| 2-60. 
eo The radiator rotation shaft is coupled mechanically with 
ithe reference voltage generator. 
| The latter produces two sine=wave voltages 90° owt.of 
| ‘phase with each other. 
bo The frequenoy of the reference voltages equals the 
Wo | frequenoy of the radiator rotation. 
: | These voltages are used as reference voltages in the 
| automatic direction tracking system. 
be | One of these voltages is used for modulation of the 
‘repetition frequency of the radiated pulses in unit J<7 
| Cautoselector). 





(a) Manual control 


The rotor voltace of azimuth selsyn KC=2 incorporated in 
ithe control vanel is furnished to the olrouit in the tracking 
funit consisting of azimuth error signal amplifier, phase 
finverter, phase deteotor and agimuth D.C. amplifior. 

The anode cirouits of the azimuth D.C. amplifier contain 
j the control windings of the agimuth amplidyne looated in unit 


|  =14 Camplidynes) which produces voltage for azimuth motor 

, | I-75. 
) Rotating handwheel AZIMUTH ( ASMMY > on the control panel 

| foauses unbalanoe of the D.C. amplifier, and motor [+75 is | 
supplied with the azimuth amplidyne output voltage whose “ 


‘polarity deponds upon the direction of the handwheel rotation. 
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Manual oontrol in elevation is achievedin the same way 
by rotating handwheel ELEVATION ( HAKJOH). | 


(b) Seoetor scanning 


During sector soanning the voltages from selsyn KC=2 of 
the control panel are converted into a D.C. voltage varying 


periodically in polarity. 


| This voltage 1s being supplied to motor J-75 ana changes 
periodically tho direction of the antenna rotation. 
The sequence of conversion is as follows: 
The rotor voltage cf tho selsyn is supplied to the 
clrouit of unit J-10 consisting of a sector scanning transe 


- former, phase detector, multivibrator and seotor scanning D.C. 


amplifier. 


The anode currents of the seotor scanning D.C. amplifier 
flow through the control windings of the azimuth amplidyne 


which is the one that supplies the required voltage to azimuth 


motor J[-75, ee, 


Cireular scanning is effeoted by artifictally unbalanoing © 
the D.C. amplifior from the control panel. 
setting the controls 


in the ciroular seanning mod oe 
ode 
the bias voltaze on one h é changes 


alf of the damping si 

| gnal amplifier 
connected into the soreen grid oirouit+t of the D.C. amplifier 
and oauses unbalance of currents of the D.Q. plifier 


Gyrostablligation of the homing antenna ‘4s carried out by 


mean of course and pitch stabilization 
a unit Cunit J=19 
ie bank and sight ing unit Cunit 1-9 ) C ) and 


Identioal ctrouits of units I=9 ana Ja19 consist of 
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, error signal amplifiers, phase deteoters, differentiating 
Foells, D.C. amplifiers and relay amplifiers. 

: The input of each unit is supplied with 400 o.p.s. error 

1 Signal, and the output produoes a D.C, voltage which is then 
-fapplied to the armature of the actuating motor which rotates 

, the corresponding axle of the homing antenna to reduce the 

} error signal. 

, The error signal in course is caused by angular difference 
| between the flat-selsyns (JIC ) mounted in the homing antenna 
fCunit J-1 ) and in azimuth gyro Cunit J-27 ). 

The bank and pitch error signal is caused by the mismatch 
i} between the corresponding cheok bank and pitch potentiometers 

| located in unit J-1 and between bank and pitch potentiometers > 
| located in vertical gyro AlII-5, 





To eliminate possible spurious oscillations of the homing 
| antenna during manual control or automatio tracking use is 

| made of a special feedback cirouit. 

: Variable polarity voltages built up by azimuth and 
elevation motors are passed through feedback filters located 
fin unit Jl-13M (automatio control box) and fed to the control 
ferids of the azimuth and elevation damping signal amplifiers. 

, The ourrents built up by the damping sirnal amplifiers 
jin the anode oircuits of the azimuth and elevation D.C. 
famplifiers produce at the output of the amplidynes the voltages © te 
fof the agitation voltae polarity. 

, To retain the position of the homing antenna (matching of 
{selsyns del of the homing; antenna and KCe2 of the control 

panel) when changing from oiroular soanning and automatio 2 
tracking to manual control or seotor soanning use is mado of 

the follow-up system. 

‘This svstem oonsists of a follow-up amplifier and a 

Lollow-up motor. 
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During olroular soanning or automatio tracking, the error 
voltage from the rotor of azimuth selsyn KC-2 of unit J-1 is 


applied to the follow-up amplifier unit J-10 which produces 


control voltage for the follow-up motor located in unit J-11M. 
The shaft of the follow=up motor is coupled mechanically 
to that of the azimuth selsyn rotor through a reduction gea 


and differential. 


(5) RoLlow-Up Sighting system 


The reply signals from the cwuided missile come to the 


sighting antenna, then are converted by the orystal mixer into 


Signals of intermediate frequency (fo), amplified by the 


 Sixestage IF amplifier, converted by the second detector into 


video signals and after being anplified by the video amplifier 
are passed to the cathode followcr. 

From the oathode follower the video signals are communicated 
to the mixer of unit J-4M and after passing the succeeding 
stages are displayed on the sereen of the Sighting indicator. 

Besides, from the output of the cathode follower the 
video signals are furnished to the mixer in unit -4 and then 
to the video amplifier of unit Te-5 and to the Y=plates of 
the oathodc-ray tube. . 

The sighting antenna is trained on the guided missile by 


| fyrostabilizae 
tion cirouits incorporated in unit I-9, 


This cirouit is fed with an error Signal from the rotor of 
selsyn A=3 located in unit 15M (sighting antenna). 
The output voltage of theo above=mentioned olrovit is = 


applied to the sighting antenna azimuth motor (UK-11 ) 


coupled mechanioally to tho rotation axle of the sighting 
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(6) Control of Radar_tquipment 


The main controls for tuning and checking the performance 
pot the station are oarried on the control panel. Part of 
foontrols is located on connection boxes J-12M and J-13M, 
rand on the front panels of the units. 


ITI. DESCRIPTION OF UNITS _ 


divs Homing Antenna i—4 


The homing antenna is designed: 
: (a) to illuminate ground and sea surface with pulses of 
radio-frequenoy energy and pick up the reflected signals; 
) Cb) to form a narrow symmetrical beam of the radiation 
pattern and the equisiznal zone; 
(c) to make the beam move in azimuth, elevation and bank. 
The antenna assembly consists of the radio-frequency 


fportion and eleotromechanical control elements. 


_ The radio-frequency portion of the antenna assembly 


consists of the following main components: 


1. Parabolic refleotor. 

2. Toudle=slot radiator. 

3. Radiator rotating joint. 

4. Elevation rotating joint. 

>. Bank rotating joint. 

6. Azimuth rotating joint. 

7. Connecting waveguide. 

The diagram of the.antenna radio-frequency channel is 
shown in Pig.1ll. 


Radio=frequenoy elements 


The refleotor of the homing ‘antenna is essentially a rotary 


paraboloid with a foonl distanoe of 270 mm and flare diameter 
of 750 mm fed by a double=slot radiator. 
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= | The reflector forms a radiation pattern, 3.4° wide in te 





plane Il and 2.5° in plane E, by half power points. 
A number of metal plates mounted on the radiator feeding 


ae 
_ waveguide widens the radiation pattern in plane H and ensureg I 
ae | that the amount of power within the bearing angles (= 5°) is he 
ig. not less than 0.5 per cent of Pax’ _ 
Radio~frequenoy energy is conveyed to the radiator through bse 

: the feeding waveruide. Me 
The tapered part of the waveruide turns into a resonance Ks 
cavity provided with two slots through which the radio-trequen= a 

oy energy is fed to the reflector. Me 

The double=slot head of the radiator is displaced relative Mi 

to the refleotor axis so that the axis of the antenna directional ny 

I | radiation does not caoinoide with that of the paraboloid, and he 


I ; departs from it throucth an angle of 19°30". 

By aid of a motor the radiator may rotate about the 
optical axis of the paraboloid ot 1800 r.p.n. (30 r.p.s.) 
causing the antenna electromagnetic beam to rotate so that 
its maximum deseribes a cone in space. 


- Ste eg 


begs —« 


| Mig.l2 shows the antenna radiation pattern and the cone 
| formed by the maximum of radiation of the antenna during 


t 
po 
i 
[ 
f 
‘ 
: 





antenna rotation. C 
Jos 3 
From the illustration 1t 4s seen that with a tarcet ia 
: directly on the refleotor axis, the receiver will tnke 50 < 60 Ay 
per cent of the maximum enerzy whatever may be the position is 
:, of the radiation pattern. | o 
ix ‘he target is off the paraboloid axis by 19301, the 

! : | intensity of the refleoted Signal will vary with the radiator 
me rotating within 100 to approximately 20 per oent. : i 
| Absenoe of intensity-modulateg echo sirnals (presence of bi 
signals themselves) indloates that the target is in the “yi 
equisignal zone on the refleotor axis, So i: 
' | i 
ie 
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7 Waveguide rotating joints ; 

b | a 

: f All the rotating joints are coupled with one another by Be, 

; Emeans of oonneoting waveguides. PR 

- The waveguide run of the unit is sealed hermetioally. gre 

ys _ Rubber gaskets are provided between the flanges of the Ree 

| goonneoting waveguides to ensure air-ti¢htness. fio 
3 All the rotating Joints are made oir-tight by means of a ae 
tight-fitting collar of frost-rosistant and wear-resistant oe 
pplastio. | , ee 
- The radiating slots of the radiator are sealed with mica Be 
8 ‘plates in metal holders. fee 
i The antenna radiation pattern in planes H and I is yt 
| Hipresented in Fig.13. , He 
| Eleotromechanical elements < : 
i The eleotrio drive portion of the antenna consists of i 
nthe following main components: : He. 
! 1. Reduotion unit for rotating the antenna in azimuth | | bids 
ie(nain actuating motor T-75, auxiliary actuating motor JK=11, fi 
| sazimuth sweep selsyn CI'C-i, follow-up selsyn KCm1,; sighting ee 
pselsyn A-3, flat course transmitting selsynIIC] ). y Ge 
é. Reduction unit for turning the antenna in clevation Be 
Oe 


Lae ie: 
‘gait 


_ a 
at ~~ 
eS Re ee aa 


(main actuating motor J-75, auxiliary actuating motor JK-11, 
selevation selsyn KC#1, elevation indicator ee CICM~1, 
uplteoh check potentiomoter).. 

3. Reduotion unit for’turning the antenna in bank (bank 
Fuotuating motor K-11, bank cheok potentiometer). 

eS 4. Radiator reduotion unit ai motor 2-60, reference 
evoltage generator). . 

a 5. Reduotion unit of vertioal gyro AMl-5, | 

The vertioal gyro rotates in agimuth in ee and 


a ee 
—_ 
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4 The vertioal gyro sens Cone eee: a are ‘einai with the 
ra pan and pitoh potentiometers of the antenna and perform the 
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funotion of signal transmitters for the bank and pitch 


stabllization systoms. | He 

The homing antenna is rotated in azimuth by two D.C. a 

motors Ml-4, type J-75, and iMl=3, type IIK-11, which are > 3 ie 

; aotuating motors of the tracking Coontrol) channels and , i 
| , Course stabilization follow-up systems respectively. | ae 
Tilting the antenna up and down in elevation is also io 

Performed by D.C. motor Ml~11, type J-75, ana Ml=10, type oe 

WH-11 (See Fig.16), whioh aro aotuating motors of the en 

follow-up systems of the tracking (control) channels and | we 


pitch stabilization respootively. 


Bank turning of the homing antenna (with respect to the hh 
elevation shaft journals ) is effeoted by D.C. motor il<7, va 
type EK-11, which is the actuating motor of the bank stabiliza-= aN 
tion follow-up System. a 


oars 


the field windings of all the actuating motors are fed 


Oe ne ae a “ as 


from the 27=V D.C. airoratt network. i 
. — voltages are applied from amplidyne unit J-14 : 
o the armat 4 He 
, matures of actuating motors Mi—-4 through the azimuth eh 
anne” and Ml-11 through the elevation channel. - : 
a Control voltages to the armatures of actuating motors ce 
-7, and Mi-10, and [il-3 are Supplied from the relay ( 
amplifiers of stabilization units IeS9 ana [+19 (See Figs 14 i 
15, 16, 17) through bank, elevation ana 4 a J Re 
azimuth channels 7 ae 
Coourse stabilization) respectively OMS 
Nyt 4 - nee 
_ ae The azimuth channel follow=up system controllin= the a 
Po ; enna rotation in azimuth consists of azimuth séisya M16 ‘ 
| r . a ss 
a KC-l, coupled through a reduction ‘unit with the ee : 
an stow ° « Ay 
at oe — nes type KC=2, in the control panel. thes ie 
| avor windings of azimuth selgyn Ml=6 are connected to the 4 be 
| respective windings of the selsyn=transformer in the a 
_ dis v bi Mpg pee Of the aginuth Selsyn is supplied with b 
| » 400 Oepes. from the automatia control box bu 
Lb 


wrayer 
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By rotating handwheel AzZrmuTiH CASUMYT ) on the control 
t panel the operator turns the rotor of the azimuth selsyn- 
transformer, type KC-2, thereby introducing an error signal 
‘in the azimuth ohannel of tracking unit H~10. 

The error signal is being converted and amplified by 
the D.C. amplifier (unit J-10) whose load is the control 
Winding of the amplifying dynamotor (unit W714). 

The amplidyne output voltage is being applicd to the 
armature of the azimuth actuating motor Ml=4, which turns 
the antenna towards deorease of the angular difference between 
‘the rotors of the selsyn pair. — 

) The elevation channel follow-up system controlling the 

_ pantenna motion in elevation operates in essentially the 

same manner. 

} In this case, the stator windings of elevation selsyn 
-Mi~1Le are connected to the respective windings + the sere 
‘transformer in the control panel. 

| The rotor winding of selsyn Ml-12 is fed with 115 V; 

}400 o.p.s. from the automatio control box. 

, synchronous rotation of the circular sweep in indicator 
junit 7-5 ana plan position indicator J+6 with the homing 
fantenna is ensured by a follow-up system consistinz of 
‘antenna-mounted transmitt ting selsyn Mlel, type CIC=1, and two 
}receiving selsyns, type CiC=-1, looated in units J-5 ana J=6N 
iréspeotively. | 

; The stator windings of the azimuth sweep selsyn (tl~1) 
,are connected to the corresponding receiving selsyn in units 
(T-6M ana J-5, 

| The rotor windings of these selsyns are fea with 115 Vv, 
‘400 o.p.s. 

The above selsyns turn in synchronism. 

For synohronous and inphase rotation of the sighting and 
shoming antennas in azimuth, as well as for the reociver course 
findioation, use is made of a sighting follow-up system 

poons isting of sighting sclsyn Nl=#2, type A=3, whose stator 
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windings are conneoted to the corresponding windings of the fe 
selsyn-transformer, type A=3, looated in ocourso indionation by: 
unit [-15 and the corresponding windings of sclsyn-trans- Ne 
; former, type A=-3,1in course indication unit J-21 (in compar | Re 
4 COURSE mode) or in sighting station J-c9M (in BEAM CAPTURE Bee 
mode). , | a 
The rotor winding of sclsyn Mlec is fed with 40 V, : 
400 c.p.s. from the transformer in unit J-13M. Gy 
For remote transmission of the elevation anrle of the | hey 
homing antenna to the pointer instrument in the control vanel, We 
. | & follow-up system is used consisting of transmitting selsyn ae 
| Ml-9, type CICM-1 and a receiving selsyn CMCM-i in unit I-11. ae 
. | The stator windings of clevation selsyn indicator (M1-9) are aM 
| | connected to the corresponding windings of receivin;: selsyn em 
_ CMCM-1 whose rotor, as well as the rotor of selsyn Ml-9, he 
is fed with 115 V, 400 oenes. ae 


TT ye fen a oe 


Both sclsyns turn in synchronism. 


The antenna radiator and reference voltage generator i 

| Ml<13 are driven round by a D.C. motor, type 2760 (ml-s). ri 
fhe reference voltage renernator produces two sinusoidal A 

voltages shifted in phase by 90°. a 

| These voltases are supplicd as reforence voltages +o unit fre 
H-10 to Shape the antenna oontrol Sienals during automatio fy 
tracking (Seo Pigvee ) , a) 
Bank and pitch potentiometers R1l+3 and Ri<G6 together with be 


tne transmitting potontiomcters of the verticnl eyro constitute 
bridges Cor mensuring transmitters) of the bank 
stabilization follow-up systems. 


The measuring=transmitting brid 


So ee ares 


and pitch 


ce of the bank stabiliza- 


7 a aa 
_ Spit PC Paes 
eT ae eee eam ont tee : 
Pe ard eens . oe” a . : 


wee ee 
a 


_ tion system is fod with 40 V, 400 o.p-s. from transformer oe ni 
Tpl-1l mounted on the homing antenna. | ; 
The slider of tho b : 


anketransmitting potentiometer located in 


| . i 
| aa peaiineiay See *s oarthed, and the voltage from the slider ‘ 
a nx potentiometer Rl=3 is being appli ail 

ae od c ‘ - | 

“t4on unit 1-9. PP o bank Syrostabiliza | ‘ 

| Nd 

ved 


eer 
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F Here this voltago 4s oonverted into D.C. control voltage : = 

Fwhich forces motor Ml=? to rotate in bank (the latter is ) 

poouplod through a reduction gear with potentiomater R1—3) 

puntit the potential dif?orenoe aoross the potentiometer 

(Gliders is zero. 

, Bank check potentiometer Rl=3 mounts limit switches 

}. Bl=5 and Bl-6 whioh open the circuit of aotuating motor 

ML? on the boundaries of the bank working area. 

The pitoh stabilization follow=up system operates in 

Pthe same manner (See Fi.21). 

, The bridge olrouit arrangement of pitch potentiometers 

R16 and Rl=2 of tho vertical gyro ig supplied with 40 Vv, 

7400 o-p.S. from the transformer in the control panel. 

} Signal from the slider of potentiometer R1-2 (vertical 

}gyro) is passed to the pitch gyrostabilization unit. 

The output voltage of unit J-19 is fed to the armature 

of elevation actuating motor Ml-10 and rotates the antenna 

} and the slider of pitch check Rene ene ce R1l=6 until the 

Ppitch voltage is zero. 

| The antenna tilt in elevation equals 7° up and 42° down. i 

} To limit the antonna tilting within the spedificd range . 

there aro two limit switehes Bl<3 and Bl<4, 

Upon operation, these switches onergize relays P13=3 and 

PP13—4 in the control panel by means of which the control 

pWindings of the clovation amplidyne are shunted by selenium 

preotifiers (located in the control pancl). — 

: This results in closing the amplidyne ficld windings and, | Ae 

consequently, in the clevation aotuating motor (M-11) coming (0 

ito & standstill. 

-— : Relays P13-3 and P13=4 broak the armature circuit of | A 
felevation stabilization actuating motor Ml-10 at the edgo of . . 

the elevation working area. 
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gourso stabilization follow-up systom 
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A 


‘transmitting selsyn Mml-5 , type ICI, coupled with the gyro 
poompass selsyn. 


| The homing antennse is course=stabiliged by moans of flat 
FE 
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The rotor ot selsyn Ml=5 is supplicd with 40 V, 400 a.p.gs, 
from unit J-133 tho stator windings of this selsyn aro 
conneotcd to the corresponding stator windings of the selsyn~ 
transformer, type NIC in the gyro compass. 

The voltage from the selsyn=-transformer rotor proportional 
te the angular difference betweon the rotors of these selsyns 
is fed to the input of unit [+12 (course stabilisation channel), 
where it is amplificd and converted into D.C. voltage being 
supplied to actuating motor Ml#3, type [K-11 (Fig.17). 

Motor Ml-3 rotates the homing antenna through a reduction 
gear toward reduction of the course ertir. 

Course indicator Bl=1 operates to send a pulse to unit 
d-5 when the antenna azinuthcoinoides with the lubber line 
of the airoraft. 

Contact Tl-2, through which the relay is energized to 
phase the oircular scan selsyns of units J-5 and I-6, is 
closed by a cam whose aro is 46° ( + 23° with reference +o 
the azimuth axis of the enone 


Wlevation limiting of homing antenna J-1 
The oe antenna may tilt up and down in elevation 
within angle 8° up and 42° down, 
Special elevation stowing switches prevent further motion 
of the antenna and appearance of substantial efforts during 
stops. 


The connection diagram of the elevation stowing switches 
4s shown in Fic.18. 


_ Selenium reotifiers [18=1 and 11382 inoorporated in 
the automatic control box (unit I-13 
in one direction. 


) pass currents only 


With open contacts of relays P1344 ang P13=3, the selenium . 


reotifiers are disoonneoted and the antenna may be tilted 


up and down (depending upon the ourrent panene tty in the 
amplidyne control windings). 
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: Suppose the current of valve J110-11 prevails over that 
of valve Jl1Q-12. 
The antenna in this oase'moves upwards. 
| When the antenna reaches the extreme upper position the 
fupper limit switoh oloses to feed + 27 V to relay P13-3. 
| The relay operates, which results in the amplidyne field 
winding being shunted by selenium reotifier Wi3-1, magnetic 
field disappearins and antenna stopping. 
When rotating the elevation handwheel on the control panel 
in the opposite direotion, the ancde currents of valves J110-11 
and 10-12 of IF amplifier in unit I-10 are so changed that 
/the current in the amplidyne control windings changes its 
sign and the ourrent of valve Ji10-—12 will prevail. 

As selenium reotifier ]13-1 passes current only in one 


ithe antenna will start tilting down; as a result, relay P13-3 
will be deenersized and break the field winding circuis 
shunted by selenium reotifier J/19-1, 

| With the antenna in the extreme lower position relay P13=4 
| operates +o connect selenium reotifier JJi3-2 which will 
‘function as mentioned above. 








During simultaneous closure of the upper and lower limit 
i switches, relays ?13=3 and P13-4 break the i 27=-V circuit of 
| the elevation relay amplifier inoorporated in unit Jl-19. 


RS RM cc ees roma © 





ec am wee flee as 


the azimuth rotation of the homing antenna and sweep on plan 
position indioators J-5 and J-Gi comprises pyprausmitting 
Belsyn, type ClCe1, looated in the anteuxrarimuth reduotion 
unit and two reaolving selsyns, type CMG=#1, installed in units 
I-5 and J-6M respectively. — 

|  . The receiving selsyn turns the deflection coil of the | 
indicator in stop with the azimuth rotation of the antenna. 


| Te renote angle transmission system for synchronizing. 
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The rotating antenna is coupled with the rotor of selsyn 
CTC=1 through a step-up gear ratio of 1:10, and the rotor of 
| | “selsyn CNC=1 is coupled to the deflcotion ooil of the indicator 
| through a step-down gear ratio of 10:1. 
ee : Thus, the antenna will rotate in step with the deflection 
coll, and the angle the coil lags behind the antenna is 10 
times as small as the angle the reociving selsyn lags behind 
the transmitting selsyn. 

To eliminate the anpular difference (which may occur with 
the equipment deenergized due to jolting or for a variety of 
| other reasons) phasing oam switches are mounted on the antenna 
and in the {ndicator. | : 

The aotion of cam switches is illustrated in Fig.19. 

The contact units of the indioator cam switches are So 
assembled that, with the defleotion coils positioned in a ! 
right way with respect to the antenna, the phases of selsyns : 
CIC-1 and cMC-l remain conneoted through the contact units I 

i 


an, ete, See 


0 a te 


mt 


8 SOIT erry een eatery SS pe ener 
vo = ee = ee on = an 
= . . *. = cS a - ‘ = * d = 
ae ne eee etal Erte ao ee 


AL Te, 


oe eS 


' or contacts of phasing relay P12=1 housed in the connection box 
of unit JOM. : 

Before operation of the cam switches located on the | Ry 
antenna and in indicators [-5 ang I-6M the phases of both ‘e i 
selsyns stators are conneoted through the contaot unit of the 

indicator aam switch. | 
; aaa arg aeons occupies the position within 157° ana 
| 203° (180° = 23°) the phasing cam of the antenna « protrusion 
of ane main gear rim = makes the contact unit of the antenna 
) cam close and relay Pl2=1 is ocarthed. 
| The relay contacts operate to conneot the phases of tho ) 
; _ Stators of selsyns CIC#1 ana qucel. 7 ) | a 
Tho indicator phasing oam « a protrusion on the defleotion + 


| 
| 
_ coll body = breaks its own contact unit whil : 
7 c passing L 
_ 180° 2 18° during the ooll. rotation. * _ : 


jut the stator 
Since relay pPl2 
phases. 


phases of the selsyns remain connected, ! 
~l contaots continue oonnooting the stator . 


i 

i 
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The operating angle of the antennae cam equals 46°, while 
fthat of indicator cam equals 36°. 

i If the antenna ang defloction colls are phased correctly, 
p the circuits of the selsyns will not be open during the . 
antenna rotation since closing of the antenna-mounted switch 
Foverlaps opening in the indicator by + 5°, 

i In case of dephasing the circuits will be broken and the 
y deflection o0il rotation will be retarded until the coils are 
pin the position corresponding to that of the antenna. 


2. Transmitter=Receiver 





The transmitter-receiver consists of: 
| 1. Sute-dulator designed to shape the pulses triggering 
fthe modulator. 
é. Modulator designed to shape powerful pulses ROGue eres 
;}the magnetron oscillator. 
3. Magnetron oscillator designed to gencrate powerful 
radio-frequency pulses. 
) 4. Waveguide system with TeR switoh, mixer and klystron 
oscillator. | 
| The system is designed to receive and convert the target 
} echoes into intermediate=frequ2anocy pulses. 
S- IF preamplifier. 
6. Klystron automatic’ frequency control circuit desired | 
to keep intermediate frequenoy constant. | 

7. Power pack consisting of filament transformers, high= 
‘Voltage reotifier feeding the modulator valve anodes, the 
rectifier feeding the anodes of the submodulator valves and 
| Screen grids of the modulator valves, bias reotizier for the 
modulator and submodulator control rrids. og 


reg ere ee : 


ne 2 eee we 
w b L ‘s " 


zchematio d-agran of transmitter-receive 


—_— we Ee oo . oo —__ =m £22 Ge 


) rig. 20 shows the schematio diagram of the transmitter= 
Peceiver. | | 
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oscillator with cathode follower using 6H8C (JI2~1 ). 
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The transmitter-receiver is started by positive pulses of 
lO=V amplitude from the autoselector lock unit. 

The repetition frequenoy during search opena#4on is Ty esis 
during tracking is N, C.p.s. wobbulated at frequency 0 c.p.s. : 

The trigger pulse is passed through autotransformer Tp2—] 
to the grid of the trigger amplifier oonnected as a blocking 


The pulse amplified to 160 V is communicated from the 
cathode follower to the control grids of valve TM-+30 ( 2-2 ) 


| through duration switching relay p21. 


The submodulator uses dual beam tetrode [M-30 in a biased | 
blocking oscillator circuit. 
During the pulse intervals the blocking oscillator is 
biased negatively with - 120 + lo y. 
| eels eae 
The bias voltare iv impressed on the control erids of 
valve Ji2-2 through erid teak R2-12 and erid suppressors R2=10 


The bias voltage is taken off from resistor Re=31, bias 
reotifier divider. 


The trigger pulses drive the blocking oscillator valve 
Ji2@e2 into conduction. 

The blocking oscillator produces short pulses whose length 
is determined by the characteristics of the valve grid circuit. 

The repetition frequency of the blocking oscillator pulses 
corresponds to that of the pulses arriving at its grid. The 
valve anodes are coupled through resistors Re=8 and R2=9 to the 


_ @node winding of pulse transformer Tpe=3, 


Resistors R2=4, R2=76, R2=6 ana Re=5 connected in parallel 
with the input (grid) ana Output windings of the pulse transe 


former, serve to quench parasitic Oscillations oo 
the pulse trailing edge due to 


pulse transformer. 


curing on e 
parasitic parameters of the 


From the divider composed of Re 
voltage for monitoring the submodula 
lograph when alienine the transm 
firth winding produces a trigger 
amplitude. | 


“> and R@=6 is taken a 

tor pulse on the oscil- 
itter-receiver. The additional 
pulse of at least 100=V 
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| C | The transmitter-receiver unit provides for operation w 7 | 
; ag lse durations. Y 
4 CWO pu Se = i 
| poe The durations are changed over by means of relay Peel. . 
fb ae ui. 
_ When the blocking oscillator operates with a a i 

P | seonposed of L2-2 and C2—-5, the pulse duration equals 0.5=0.05 mseo- i 
, . | rtd then the blooking oscillator operates with a puke : 
—— f sompeses of Le-1 and C2=6, the pulse duration equals ae : 
| 3 The duration switching relay is controlled trom unit iin. : 
The shaped pulse is fed from the output winding of : : 
, - spansformer Vp2—-3 to the control grids of the ee valves. I 
: The amplitude of the submodulator pulse is 1000 7 - | a 
} ) ome transmitter modulator uses valves We—3, lcm, os % 
| | tetrodes [MM-83, parallel-oonneoted in a circuit with partis . 
- @ischarge of the storage capacitor. . a 

mo} During the pulse sntervals the modulator valves are cu 


off on the control grids by negative bias voltage of 
“900 + 50 V. | 


7 This voltage is applied to the control grids of the : 

| modulator valves by the bias reotifier from the anode of valve : 
2" * O ae “ly: 

‘Yo-6 through the winding of pulse transformer ree oe | ) 
" wesistors R2-13, Rewl8. 

| J The soreen grids cf +he modulator valves are fed with : 

: oe tag 200 + 50 V. he 
ae positive voltage of 1 | | ; 

2} mtg voltage is applied to the screen grids ei ame : . 

. ir : - te Las. Op Sle a 

— F2R8, N24 through limiting resistors oe ee ee f 

| 12-16 from the rectifier feeding the anodes oi sSudMmo I 

° - 3 mhe soreen grids are blocked vy capacitor a 

as isocharger = i 

: “parallel with the capacitor is placed ¢ ee Ce ae ee | 

; - eoteoting “he valve grids from maximum worsened 2e | | 

; sie ; fy ¥ ad ue 

case of intervalve break - 

© whe modulator valves aro triggered by weir a ae 

. 92 1000 4 100 V amplitude being fed to the contro a | 

: che modulator valves from the output winding SEeeuEeS 


wansformer Tp2-3. 


(oud 
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: | In this case, the control grids are found to be kept at 
a positive potential of the order of 100 to 200° V. art 
| The valves are sharply made conductive, their internal iy 
resistance drops to some 100 ohms and the reservoir capacitor . 
7 discharges partially through the valves to the magnetrons. As as 
oo | a& result, the magnetron cathode appears to be at high nefative ie 
| potential. fa 
| Reservoir aapacitor C2=13 has rather a large capacitance ty 
valve (0.05 microfarad), therefore during the pulse time there & 
is no noticeable voltage drop aoross it, and the top of the 
pulses coming to the magnetron remains almost flat. pon HP 
cessation of the positive pulse on the erids of valves JI?-3 | 
| 


and Ji2-4 the valves are driven to cut-off, reservoir capacitor 


Ce~13 is charred by the high-voltage Seis apa ne 12-7 ie 
| and JI2-8 ) through R2-17, R2-19, R2=20 almost as high as the 7 ae 
| a voltage of the power source (14.5 kV). Resistor R2=20 and 


Capacitor (C2=14 constitute a measuring circuit meant for 
measuring the marznetron current D.C. component by a meter fo 
| located on the control panel. ! 

| The magnetron is used as a high radio-frequency oscillator cs 
in the transmitter unit. « me nn 


The radio-frequency energy of the magnetron is 





passed : 
through the wavesuide run to the antenna. The antenna is a 
| changed over to the reception or transmission channel by B 
means of the antenna switch formed by anti-transmitereceive tube | - 
| (PP6; J2-11) ana transmit-receive tube (PP-49, J12=12) bo 
connected to the narrow side of the waveguide | P 
: Used as a local oscillator in | io 
| oscillator ( 2-10) she unit is a klystron Ke 
| i" ( He producing continuous radio-frequenoy ae 
| oscillations with a fre | ee 
quenoy 30 Mo/s hi a 
} frequency. chor than the magnetron. : 
: a During reception the target echoes are communicated I 
, | ough the antenna to the main waveguide onto orystal mixer ki 
[2-1. This mixer is also fed with the lo i 


: cal osoillator output. 
vhe IF pulses are Supplied to the 


Prom the crystal mixer 
input of the IF preamplifier 
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The IF preamplifier is a 3=stase amplifier using valves 


| GRIM (1213, 12-14, 12-15). 


When note tu) magnetron pulses are transmitted into the 


| antenna, part of the magnetron energy breaks through the 
“attenuator with 70-db attenuation and is supplied to crystal 


mixer [2-2 of the AFC channel. The same crystal mixer is 


ae pe tte 


- supplied with radio-frequency energy from the klystron (JI2-10). 


The crystal mixcr output converted in the Ac mixer cell 


4g fed in the form of IF pulses to the twoestare IF amplificr 


/uping valves OMI (2-16 and 2-17 ), amplified by it and 


Ve eaetem Ba emer 
4 


2 


=, oe 


2h ght ae at 


ds coupled to discriminator, 6x6 (J[2-18 ). The detected pulses 
“(video pulses) are furnished from the discriminator load to 
“the double-stagg, video amplifier. From the video amplifier 
‘positive-going pulses are passed to the grid detector (half- 
Of valve 12-20-6190). 


The negative voltage remulatin: the vetann frequency 


“wariations is pidta’' off the anode load of the grid detector and / 
is coupled to the klystron repeller. 


The potentiometer for manual control of the klystron 


Repeller voltage is carried on the control panel. 


The power pack oz the transmitter=-receiver oonsists of 


valve filament transformers and three reotificzrs. 


The rectifier supplying the submodulator sanodes and 


: modulator screen prids utilizes valve Bl-0.02/20 (Jle-5 ). 


The bias reoctivier utilizes valve Bl-0.02/20 (Jl2-6 ). 


8 The high-voltace rectifier utilizes valves Bl-0.02/20 


(12-7, 12-8 ). 


= The filaments of valves Jl2-1, M2-2, W2-3, T2-4, Wee5 
ae 2-6 are supplied from transformer Tp2-6. 


3 Valves Jl2—7 and Jl2-8 are supplied from filament 


transformer Tp2—7. | 
Magnetron oscillator 2-9 is supplied Poti transformer e 
Up—d. 

; The valve filaments of the aeceeas portion of the ne 
(valves 2-10, 22-18, W214, F2-15, W2-16, fle-17, 2-18, Ji2-19, 


4-20) are supplied from filament transformer Tp2-9. 


Beene! 


—b5— — 50X1-HUM 
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The bias and submodulator supply rectifiers (]l2=5, Jl2-6 ) 
uge a half-wave oirouit and operate from common transformer 
Tpe=5. 

The bias rectifier is loaded by capacitor C2-22 and a volt 
divider composed of series-connected resistors R2-29, R2-81, 
R2-30, Re-31, R2=32. The load of the submodulator anode supply 
rectifier and the screen grids of the modulator are capacitor 
C2-19 and a voltage divider composed of resistors Rew2e, R2—23, 
Re=24, R2-25, R2=26, R2=27. 

The submodulator and modulator bias rectifier produces a 
voltage of - 900 = 50 V. the voltage produced by the rectifier 
supplying the submodulator anodes and the screen erids or 

valves Jé-3, 2-4 equals 1400 = 50 Vv. 

The high-voltage rectifier supplying the anodes of the 
modulator valves employs valves Jl2-7, J2-8 in a voltage doubler 
circuit. 

The rectifier lond is the capacitive filter formed DY 
capacitors Ce-24, C2\25, the anode circuit of the modulator 
valves and reservoir capacitor 02=13., 

|The rectified voltase at the rectifier output can be 
regulated by changing over the taps of transformer Tpe=8. 
| Stepless control can ve effected in box J]12M 
a variable resistor connected in 
winding of transformer 7p2-8, 


Coolins is provided by fans 2-2 C T-7) and m2<1 (I-7 ) 
installed in the unit, | 


by means of 
series with the primary 


The motors are supplied from 27=v ship's mains. 


When high voltace is switched on the magnetron filament 


volt sage is automatically reduced from 6.3 V to zero 


fo ensure safe attendance of the unit, the latter 
incorporates electrical CEx2 


Ke=1) and ihechaiitne’ (BK2-2> interlocks, 
To protect the reociver. against pulse interference via 

the supply circuits the modulator is provided with a number 

of decoupling filters. 
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When the pressure inside the unit drops below the rated 
value (0.8 atm.) the pressure transmitter automatically opens 


bs primary supply oircuit of the high-voltage reotifier. Air 
“‘Anto the unit and waveguide system is pumped with the help 


“of @ hose and a valve connected to the air main of the aircraft. 


The frequency generated by the magnetron is tf. Mo/s. 
The average power generated by the magnetron is at least 


IIE RE ORE CR ew ie Ac rie 
ae ites 
Sythe tye ee 


(YE LR SG 


ae 


2 BMA EET neers regener or ery 


SAR RTE UM Ae TR ma ARGS IE OAT RE | MM ae 


Bs PE ake RR Ege ee 2 at A 
Pew PCa RANE ee eb Ae es en anal 


4g (a) 0.5 £0.05 mioroseos 


(b) 1.0 = 0.1 miorosec. 


af The pulses repetition frequency: 
3 (a) Ny C.p.S., wobbulated; 


(bd) Ry Ce Pes _* | 
The intermediate frequency of the IF preamplifier is 


~30 0.3 Mo/s. 


The anplification factor of the IF preamplifier (K) is 


oe least 10. 


The passband of the IF preamplifier ca 0.7 voltage level) 
“as at ape s Mo/s. | 

The sensitivity of the receiver ohannel is at least 9h ab. 

The amplitude of the starting pulse is at least 100 V. 

The AFC passband the system amplifier (at 0.7 voltage 
level) must be at least = 2.5 Mo/s when readings are taken 
with respect to 30 Mo/s. 

3 The voltage of the klystron frequency control is: 
160 2 30 V. 

A The unit operates on: 

3 (mn) A.C. voltage of 115 Vv =3 por oent, 4oo*se O»PeS. 
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L | Cb) DO. voltage of +27 402 y, e 
| | (Cc) D.C. regulated voltage . 300 V21¥. E 
es | | Ca) D.C. voltage of + 140 V = 5 per sai ; 
_ | (ec) D.C. regulated voltage of -225 vy + =~ 5 per cent. oe 
The unit consumption: : 

EP as (a) Not more than 6 A in 115 V, 400 o.p.s. circuit. a 
: = (b) Not more than 3 A in 27 V cirovit. a 
: | (c) Not more than 35 mA in +300 V stabilized voltace z 

circuit. : be 

(d) Not more than 4 mA in -255 V oirouit. io 

5 
|) | Trigger stage he 
} \ 

| | am is desirpned for amplifying the trigger pulse I 
| | The trigger pulse is shown in Fig.2l, h 
| : ‘he trigger stage employs dual triode GH8C. The input of ~ 
| the first valve includes pulse autotransformer Tpe~-1 whose e 
: | purpose is to amplivy the trigger pulse. E 
2 _ The left portion of the valve functions as a blocking i 
oscillator, the right portion, as a cathode follower. i. 

The constants of the tri He 

gger stage are 

Table 1. summarized in ; 

Wable 1 hy 

[ : . 

i 

: | las 
co 

! i 
the submodulator emplove’ | ih 

MpLoys valve T-30 (N2m2 ) in a fe 
separately exoited blocking osotllator of My 
dulator cirouit oaroudt. The submo= . 

cuit ts shown in Pig.2e, The blooki Me 

constants are given in Table 2 Coking oscillator . . b 

iv 
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Pe tage * 
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Table 2 


EPA Se a 


Vueaaik: Ineater? Be U2) Vanode? 
Vv A V Vv Vv 


6.3=0.2 2e5 -120410 600 1400-50 | 


: The blocking oscillator is triggered by positive pulses 
of 160<V amplitude being passed from the trigger stage. 

’ The trigger pulse will open the valve right after the 
Mine has been discharged. The line discharge takes place 
rather slowly and is entirely determined by grid leaks Réewie, 
2-32. The amplitude of the pulses at the submodulator output 
-10c0 vy £100 V. 









Rout a 


Modulator 


‘ Pipes shows the modulator circuit. The modulator employs 
two pulse tetrodes, type IMM-83, operating in parallel. The 


modulator operation is based on partial discharge of a reservoir 
capacitor to the magnetron through the modulator valves. 
‘ The constants of the modulator valves are tabulated below. 
: “-* Table 3 
Q | 



















: V A 
| : af | eelD 120050 200 =50 10004100 
| 13 
: | . 
| E In intervals between the pulses the control grids of the 
f jpodulaton valves are supplied, with large negative oe 
b iE 4 = 79900 V from the bias reetifier. The pulses of 1000 = 100 V 
| : anciitude produced by the blocking osoillator are fed to the 
i 
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‘resistor R2-16, R2-15, R2-14. Resistors Re-13, Re 


‘anode of valve TM-80 ( 41400 4 100 ¥) andto th 
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t 
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control grids of the modulator valves to the output winding 
of the blocking transformer, In this case, the valve control 
grids are found kept at high positive potential of + 100 to 


-250 V. 


| Voltage Eno = 12004 50 V is applied to the sereen erids 
of the valves from the submodulator supply rectifier through 
e=18 contained 
in the control grid sirouits of the modulator valves are 
intended to caneecl spurious oscillations in the nodulator. 


Reservoir capacitor C2=13 of the modulator has a 


0.05—microfarad value ance is rated for an operating voltage 


16,000 V. During the pulse intervals it is being charged by 
the high-voltare rectifier through eharcing resistors R2=17 
and Re=19. The capacitance value of the reservoir / | 
capacitor, 0.05 microfarad, ensures that the voltage pulse . 


tilt does not exceed 5 per cent of the amplitude value. 


The bias rectifier serves to Supply negative bias voltage 
to the control prids of Valves PMM+83, TY=30 and 6H8C. It 
employs a kenotron, tyne Bl=0.02/20, 

The bias rectifier 4s. loaded by filter capacitor 2-22 
and resistors Rew29, R2=81, Re=30, Re=31, R2-32 connected in 
parallel with it. The rectified voltage equals ~900 + 1n0 vy. 


(b) Submodulator supply reotifier 


The sutmodulator rectifier feeds positive voltage to the 


6 Soroen grids 


of valves PMM-83 ana Iwe30, | 

_ ‘Fie. 24 shows the schematio dLagram 
supply rectifier and bing reotifier 
onc, transtormer Tp2—5, 


The submodulator s 


of the submodulator 
Both reootifiers employ 


Upply roctifior uses kenotron B1=0,02 /20. 
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i The high-voltage reotifier uses Renperons. type Bl-0. 02/20, 
‘in a voltaze=doubling circuit. 

i‘ Fig. ¢5 shows the reotifier circuit. The rectifier employs 
two transformer Tp2=7 and Tp2=8, 





‘ Tpe-7 is a filament transformer designed to feed the 
‘filaments of the rectifier valves. 
as Tpe-8 is an anode transformer designed to feed the anodes 


; 
BS 
jot the high-voltage rectifier valves. The primary winding vo. 

transformer Tpe-8 is provided with three taps whose switching 


Er 


enables control of the magnitude of the high-voltage; the winding 
ris fed with 115 V, 400 c.ep.s. 





LS | Waveguide system with transmit-receive switch 
LE (radio-frequency_head) 


consists of the main waveguide connecting the magnetron 

Eps clllator with the antenna waveguide system, and a T*R switch 
‘with klystron and mixer chambers. 

p Radio-frequency head [-cM meets the following require- 
‘nents : 

h 1. Minimum losses in the transmitter pulse channel are 


i 

. 

3 | 

t: The wavesuide system of the transmitter-receiver unit 
p: 

i 

ke 


2. Minimum losses in the receiving signal channel are 2 db. 
3. Possibility of frequency retuning over the frequency 
range t. +30 Mc/s is 0.5 per cent. 

The T-R switch employs an ordinary branch oircuit. 


: Deseripsion of schematic diacram 
of radio-frequency head 

f 

The schematic dioagram is shown in Pig.26. 


: Simultaneously with the ploked=up signal the radio-« 
-frequenoy enerry radiated by klystron 3 is applied..to the 


SMI TT ee eta 
Bae aa 
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! detector through adjustable slot 1. Detector 2-2 


| h to ot : os the apg a 
channel is ted with radio=frequeney energy from klystron 3 Me 

| throush adjustable slot 2, : Meee 
| Adjustable screws 1 and 2 make it possible to set the ee 

requircd values of the orystal currents. be 

| Inserted in the klystron cell, across the waveguide, is ee 

. absorbing plate 4 made of graphite=ooated pertinax. The plate ae 


os set in a risht way with refercnoc to the short- 
circuited walls (5 mn) is the matched load (SWR — 1.3). 

vignal detector J[2<1 is thus made to act as a converter a 
’ producing IF signals which are then furnished to the init Ot i. 
| : the IF preamplifier, | | | ee 
The radlo~frequency head and the IF preamplifier are Aes 
directly coupled to each other. When the magnetron gencrates a 
| a stronz pulse an cxtremely weakened magnetron signal (60=70 db : 

IL : attonuation) 1s passed to Are crystnl detector 2-2 through 

round hole 5 in the main waveguide and cylindrical Wena 


eR ee ey ee 
at aie 7 
- Seer oo ee 


. | G which is, in effeot, a cut-off attonuator. ee 
| ; From the output of the arc orystal detector the IF signal | fe 
| a oe to the input of the IF preamplifier of the AFC | E 
annel and is thus used for the control of tho AFC circuit. fae 
' ee “ ; prea! 
e A ee large itcrative attenuation between the i fe 

Signal detector and AFC detcctor considerably improves the ! ta 

| “ ; = ee 
keapard Spectrum of the pulse controlling the AFC circuit, | ae 
aich enhances oper. . hg: 

| eee perational reliability of tho AFC system. | pe 
MOP Ber eOre “Ud and. Ce. C6 te.8 picofarads) are constructional | oe 
: parameters of the crystal holders. | be 
| The keep-alive clcot KY 
| ore ewreode of the 7@R cell is fog with fs 
negative voltare throurh anti-rolaxation resistor R2=837 a 

f HB =m : a, 4 * > Ran 
_ ee ce Trequency 40nd nas the following controls: adjust , pe 

| | Serew of TR cell resonanoe frequency PSI (8) and crystal EM 
i current adjusting sorews | : ae we 
f " , | so ane oe adjusting sorew of ATR oell All 
resonance frequeney PEI (7), | | ae 

a 
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F IF_preamplificr 

bat 
Fe 

be 


4 The schomatio diagram of the IF preamplifier is shown 
vdn Fig.27. 

: The purpose of the IF preamplifier is to amplify the IP. 
(Signal provided the best signal-to-noise ratio ig preserved. 
a The IF preamplifier consists of three stages: the first 
wo stages are a combination of an earthed=cathode triode 
pend grid-earthed triode; the third stage is a normal pentode 
pompiitier operating into a 90-ohm radio-frequency cable. 

ae The IF preamplifier possesses the following advanta-ess: 
(1) low noise factor determined by the low noise frotor 











| of the first triode; 


i (2) stable operation, since the first stage has a gain of 
about unity. 

the IF signal is passed from crystal mixer IIT=C4 (¢ J2=1 ) 
o the erid of valve OK (2-13) through inductively 
Pooupled windings of circuit L2—10 and L211, 

Coils Leel2 , Lé-13, L2—14 and capacitors C2-44, c2=45, 
b 02 “46, C2-47 constitute filters in the orystal current oircuit. 

Capacitors C244, C2=-45, C2=46, C2-47 aeOouUs this 
clreuit from the high-frequency currents. 

The signal amplified substantially in power by valve 
OUI €W2-13 ) is fed through isolating capacitor C2-50 to 
the cathode of grid-earthed triode 61 (72-14). the coil 
in the anode of valve J2@-13 serves as a load. 

: The first valve Ji2-13 is neutralized by inductance 
fcoil JI2-16 tuned together with grid-anode capacitance. 

| The use of neutralizing improves the noise factor by 0.25 db. 
| The cathode-anode capacitance of grid-earthed triode Jl2-14 
is sutficiently large (3.1 pioofarads) and is neutralized 

by inductance coil L2=32 resonating with this capaoltance. 
The signal from the anode of valve Ji2-14 4s coupled through 
isolating capacitor (02-55 to the control grid of valve 6X1lIl 
(2-15 ) of the normal pentode ampliZier operating into a 
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90-ohm radio-frequency cable. The olrouit of the valve erid ig 
tuned to a frequency of 33 Mc/s, while the anode otrouit of 
this valve (L2=21),to a frequency of 27 Mo /s. 

Resistor R2-43 is the anode load of valve Jl2=15. Connecte; 
into the anode circuit of valve J?-15 1s coil 2-21 which 
nee with isolating eee C256 and resistor R2=44 


with the main IP matinee. 


The tias voltage on the control grids of valves J2-13 


dlc 
and jiP-15is automatic on account of the voltace drop across 


resistors Re=38 and R2-46. Capacitors (2-468 and C2=-58 rlock 
these resistors. 


; 

| 

The anode oireuits of valves Ji2@=13 and JiP=-15 contain 
filters formed by resistors R2=39, R240, Re-42 | 
} 


2 end. CLocking 
oapacitors (Ca=52, C2=53, Cca=54. The valve anodes are supplied 


with 140 V from supply unit IW, 


The Tilaments are connected in parallel and fed with | 
6.3 V A.C. being applied from filament transformer Tp2-9. Chokes | 
Lewl?, Le-l8, L2-20 with capacitors C2-49, Cc2=90, c2=57 perform | 
the function of highefrequency decoupling Pilters in the : 
filament circuits of the valves, 
The TI preamplifier has the following characteristics: 
1. Amplification factor of IF preamplifier K.:10. 
e 


ee Passband at 0.7 level 2¢s? » 6 Me/s, 
3. Midefrequenoy of IF preamplifier ? = 30 


cee 3 


= 0.5 Me/s. 
Klystron AFC system 
mhne APC system or the klystron is designed for automatic 


control of the klystron frequency so that the intermediate 
frequency may remain equal to fy, = 30 Mo/s upon variation 


of the ma-netron frequency. 


“he «UC and searoh system consists of an IPF amplificr, 
frequency acteotor (discriminator), video amplifier, blooking 


oscillator and control valve (See Fig.28) 
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Rhee te. jason fa ee 
l The amplifier input us tein ace ee 

cS an autotransformer oircuit. 
| | coil lence and capacitor (2-64 constitute an input otrouit, 
i ‘Resistor R2-47 serves to widen the passband of the input 
PO | lotrouit. Coil L2@-26 and input capacitance of valve 2-17, as 

| [well as the spurious capacitances, constitute an input filter 
por the sccond stage. | 
Connected into the anode circuit of valve JIe~17 as the 
lprinary winding of the frequency detector transformer (L2-27). 
Fcoil Le~28 is coupled with coil L2-27 by weak indicative 
pcoupling and, capacitively, through 02=71 (Sce Fig.29). Choke 
Le29 Serves to pass D.C. of dual diode, 6x6 ( 12-18 ), ana 
to block 4.C. Capacitors (C2=75 and C2-76 arc blocking 
,capacitors. Their capacitive resistance to If ourrents is 
very small; therefore thore is no A.C. component of the 
‘potential to chassis on the dual dtode cathodes. The output 
voltage o” the frequency deteotor is taken from thc common 
resistance jack ['e-3 (cathode 8 of JI2-18 ) consisting of 
,two resistors P2=55 and R@={56 carrying D.C. currents of both 
fhalves of dual diode Ji2=18 in opposite directions. 
Prom Pir.29 it is scen that each anode of dunl diode 
T2-18 is fed with alternating voltage consisting of the sum 
(of two voltages; the first voltage is applicd from the primary 
circuit of the transformer through capacitor C2=71, and the 
‘second is equal to half, the voltage being developed in the 
secondary circuit. Since the quality factor of the primary 
Circuit is comparatively small (duc to shunting action of 
| resistor R2—52), then near the intermediate frequency the 
,o- eee of the primary oirceuit voltage being applied to 
| ithe anodes ot valves Ji2@-18through oapacitor Cc2=71 will not ‘ 
| change practioally. 
| : The magnitude and phase of the secondary cirouit eoltaze: 
/0n cach of the anodes of diode Ji2-18 depend upon the 
frequency of the input signal. 
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Prom Fie.29 it is evident that the primary circuit Voltage 
is supplicd in phase throush capacitor 02=71 to the anodes of 
the diode, while the Secondary voltage, in anti=phase. 

it ts well known that at frequency (30 ¢ 0.3) Me/s near 
to the resonance one, the resistance of the Sccondary cirenit 
is actually an active resistanec; in this case, the voltage 
“across the secondary winding is shifted in phase by 90° with 
Tespect to the primary winding voltage. Based on this the 
vector diagram of Pig.30 is considered true. The desiymations 
on the diagram mean the following: | 

Uy - voltage vector of primary Citcul es 


1 

wUn =~ half the vector of secondary circuit voltage 

— applied to anode 3 of diode, 675 (12-18 ); 

yo ~ half the vector of Seoondary circuit voltage 
applied to anode 5 of diode, 57:6 (Ji2-18) ; 

Uz - veotor of voltare applied to anode 3 of diode; 

‘5 - vector of voltage applied to anode 5 of diode. 

From the vector diagram it is seen that the voltages 

applied to anodes 3 and 5 of diode 676 


re o.0 are equals as a result, 
€é currents of both portions of the dual diode are equal, 


and as they oppose each other, the output voltage of the 
frequency detector is zero, 


With a frequency exceeding C30" %G.3) Mc/s the resistance 


of the secondary circuit is of the inluctive nature and the - 


vector diagram will have the form shown in the figure 
Prom the diagram it is seen that vol 


tages U, and U 
applied to anodes 3 and 5 of diode 65 are aan’ and the 


output voltare of the frequency detector is other than zero. 


“wath na ty 244 : 
with © frequency below (30 + 043) Me/s, the resistance 
apacitive nature and the 


of the secondary oiroult is of the o 

vector diacram will have the rorm shown in Pige.30.9 
me - | } g* 30 
Voltare Us and Us applied to anodes 3 ana 5 of diode 


“676 equal o | 
o are unequal and the output Voltage of the frequenoy 


detector is other than ZCLO,. 


ww) lus 
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: Prom the vector diagrams considered it is seen, that the 2 
; phase relationships between the voltazes of the primary and ‘a 
secondary olrouits are such that at frequenoy (30 + 0.3) Mo/s - ee 










, _the resulting voltages on the anodes of the frequency detector 2 : ee 
are equal, while at a frequency exceeding (30 + 0.3) Mc/s the : fe 
presulting voltage applied to anode 3 of the left diode : | ih: 
_ tneLeases , and at a frequency below (30 + 0.3) Mc/s the : i 
resulting voltage applied to anode 5 of. the right diode : 
“inoreases, as well, ~—— in 
. ed Thus, a pulse appears aoross frequenoy detector load | - 
- [ resistors Re=55, R256 the magnitude and sign of which dener ( ie 
\ | a“ pon departure of the intermediate frequency from (30 + 0. 3) Ne 
é ‘ween Since the given AFC oirouit is operated by the positive | . ae 
| pulse, the characteristic of the frequency detector (disecri- " 
| *minator curve, See Fig.31) is asymmetrical. This is achieved Ay 
, aby inserting resistor Re-80 in the anode of the left portion : 
Sof valve JI2-18 x 
i The point where the discriminator curve passes zero differs 
Eby 0.3 Mc/s from intermediate frequency 30 Mc/s so that the . 
be F pulse may be communicated to the control valve (right portion Ma 
: Sot valve Ji?-20 when the intermediate frequency is preoisely ‘ 
| 30 Mo/s -« - 


a The pulses from the frequency detector output are supplied - 
,to a two=stage video amplifier - valve Ji2-19 (6H8C). Variable | eee 
Presistor R2=57 changing the video amplifier gain serves for | oy 


| 
q a 
.Setting the required level of the output voltage of the AFC | Cy 
| ‘fsystem. Positive pulses from the anode of the right portion | a 
; ,of valve 2-19 are coupled to the grid of the control valve = ites 
the right portion of valve Jl2-20 (6H8C) operating as a fis 
: | erta detector. These pulses decrease the anode current through . . 
| | the valve, thereby increasing the negative voltage being ; Be 
'applicd to the klystron repellcr. The anode current of the en 
/ control valve is the smaller, the larger is the amplitude of i 
Fo ithe positivo pulses coming from the anode of the right portion is 
valve Ji2-19, 1-c. ‘the larger is the If drift from the i 
hae 
SECRET a 
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rated value. In this case, as a result of the negative voltaze 
rise on the repeller, tho klystron changes the frequency oe | 
generated, owing to which the rated intermediate frequency ig : 
obtained. This is the way how the internediate frequency is 
maintained constant within the working section of the discrie | 


_minator curve. I? the intermediate frequency changes substantial 


ly Cbeyond the range of the working section of the discriminator 

curve), positive pulses will not arrive at the control shies. | 
For this reason the anode current will Grew through ae 

right portion of valve 2-20; this will result in a apse 

of the negative voltage on the cathode oO: the control voive, 

and on the grid of the cut-off blocking oscillator (left | 

portion of valve Jl2-20 ) coupled to it through chain R2=66, 

C2=81. The blocking generator starts producing pulses which 

are ‘taken from cathode 3 of valve 12-20 ana after being 

differentiated by chain Cem80, R2=64, N2=62 and R2=63 arc 


fed to the srid of the secong stage of the video amplifier 


frequency detector. Positive pulses are clipped by the grid 
currents, while negative after amplification are vassed from 
anode 5 of valve Jl2-20in the form of positive pulses to the 
grid of the control valve. The negative voltage at the AFC 
output begins increasing changing correspondingly the rrid 
voltage of the blocking oscillator, As the time soneaee of 
Chain R2-66, C2=81 is large enough, the voltage on grid 1 
J2=20 of the Dlocking osoillator varies Slowly and the 
voltage at the AFC output has tho time to vary substantially 
Coby some dozens of volts). This gives simultaneous rise to 
she negative potential on the grid of the blocking oscillator 
and the latter stons osolllating. Aftor the blocking oscillater ¢ 
oscillations are stopped, its pulses aro not furnished to the | 


grid of the control valve -and the negative voltage at the AFC 
output starts decrens 


ing until the blocking oscillator is made — 
conduotivo a; | 


— ees and 80 on, At the moment the intermediate 
frequency coincides with its rated velue, the APC olrovit is 
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roturned automatioally to control operation, since the blocking 
josedllator is out off at this moment. 

ts Variable resistors Rée=-67 and h2=68 determine the operating 
lconditions of valve Ji2@20, They can be used for varying the 
‘frequency, anplitude and range of the search voltage at the 
ARC output. 


ay 


ote 


3. Receiver J-3_ 


Purpose 


EPI RI ere 


Unit J-3 is a component part or the main receiver and 
isighting receiver of station KeII!. It amplifies the IF 
isignals produced by the receivers and converts these sirnals in 
jtarget and gichting video pulses passiny then to the indicators 
‘and sutomatic tracking system of the station. Besides, the 
ar ensures automatic level control of the pickedeup target 

: signals and blocks the receivers at the start of each 

eres evcle of the station, thereby elininating the 


& 


haratul effect produced by the leaking of the main pulse. 


we 


Ry" 


Sree ea 


tmit_composition 


Accordinz to the functicns performed the unit components 
‘may be considered under the following neadings: 
(a) IF amplifier | of main channel amplifies the IF 


Lukeeisn (303 ie/8)« 
(bd) second detectcr OT receiver main channel oonverts 


pecsecswoneeoeeees aoeaes 8608 


‘the IP signals into “video signals. | 
: Cc) Yidoo anplifier of main channel amplifies the target 


eoueoeoete een eogneeeo er 


:video ampliz ‘Ler to the level required for normal operation © 
lof the tracking system and plan position indicators of the 


pore eons 
(a) Video _anplifier of main channel. indloators ensurcs 


esovoedvoee eevee oe08 48 


‘transmission of the target gignal to the plan position 


RFRA Sey MR Tere 
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45 + ASG a a) 
indicators of the station and separation of the tracking ang 


plan position indicator video cireults with a view to removin 
g 


couplings between these cirouits, 


Ce) AGC doteotor is part of the AGC circuit ov 
cnannel receiver. The circuit produces 


the main 
D.C. voltage proportions} 


to the level of the selected signal, 


(2) AGC amplifier ensures obtainment of the required level 


Of the D.C. ecntrol voltage in the autom 


circuit. 


Cz) IP anplifier of sightins channel amplifies the Ip 
C40 hie/s) oe | 


| receiver. 


-*- 8@ @e# @ 6 


Slenals produced by the mixer of the si 


Signals into sishting video Signals, 


atic gain control 


asd ae 


eee eee eeeresreesreivoseece 


shting 


| n OE I 
nP) Second detector of sighting channel converts the II 


eee ee eevee seseer 


ae Ge Video amplifier of sightins channel amplifies the 


eeeereeeeannvnene 


| : 3 7 
Signals to the level required for operation of the sightings 


: indicator of +he Station, 


C3) Disabling pulse multivi} 4. 
CUCU C COR G4 EGS. 7 oravor produces ulses om 
ing the main channel and eee Pp disabl 


@ta ®ebees 


Slehting receivers when the transmitter 


| | fires the main pulse, 


| ; 
| 
| ' 


the schematic diagram of the unit is shown in Hie Oe s 


{ t of | 
| The oe part ot the diagram is occupied by the IP amplifier, | 
! Second detector and video amplifier of the main channel. Shown 


in the middle are th 
and AGC amplifier. Ty the 

the If amplifier, second 4 
— Sighting channel. Pron 
: = IF signal is communica 
amplifier. 


e disabling pulse Multivibrator, detector 
lower part of the diagram are shown 
etector and video amplifier of the 
the IF preamplifier of unit J[-2M the 
es a the valve erid of the first IF jo 
t “ connected for matching the cable 


| 
. = equals its characteristic impedanoe (91 ohms). All the | 
©c Stases of > TP : Tae 
«Six stages of tho IF amplifier of the main channel connected ! 

— a8 an oscillatory circuit into —. 
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“valve. In this case anode resistors p3—-4, R3=-7, etc., shunt 
_ ‘the oiroults ensuring obtainment of the required quality 

} factor. The clroult capacitors of the stages consist of the 
-~Anput and output capacitances, valve capacitance, wiring 
cape .cltance, capacitance of the valve sockets and interturn 
capacitance of colls 1L3=2, L3=4, etc. 


The circuits of the first, third and fifth staces are 


~tuned to frequency (30 + 3) Mc/s. The circuits of the second, 
| foueen and sixth stages are tuned to frequency (30 = 3) Mc/s. 


oy detuning the tuned ecireults with respect to Ip 


at 1s possible to ottain a 6 Ho /s passband of the entire 
vanplifier. 


The negative-going disabling pulse is furnished to the 


erdd of J[8-1 through the high=frequency filter and voltage 
“ @ivider R3-+3, R3B-2. Capacitor C3=<1 prevents shert-circuiting 
of the disabling pulse across the low=resistance circuit of 
“the amplifier input, capacitor C3=2 improving the pulse 
“shape. 


Resistor R3=5 serves to obtain automatic bias on the 


“prida of valve JI8-1. Capacitor C3<4 blocks this resistor 
i! Por high frequency. Filtering circuit R36, C3-5 cancels 
‘parasitic feedback through the anode circuits of the first 
"ana second stares of IF amplifier (valves (3-1, I3—2). 

- Capacitor (3-6 proteots the control grid of valve Ji3-2 
against high voltaze on the anode of valve 3-1. 


The purpose o2 similar components of other IF amplifier 


- stages is analogous. Zach stage raises the IF signal level 
“ approximately six times. The gain of the entire amplifier 


: nakes Un 35% 0006. 


The gain of the main channel receiver is oontrolled by | 
feeding the crids of the second ( [3-2 ) and third ( 313-3) ‘ 
stages with negative voltage (relative to the valve cathodes) 
from the ACC and MGG ofrouits. Pilters R39, C3=7 and R313; 

C3=12 cancel spurious feedback through the goin control 


cirouit. 
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The amplificd signal is detected by the diode detector 
(JI3-7 ) whose odrouit includes: oscillatory cirouit of the 
Sixth IF amplifier stage E312, valve 6¢10 connected as a 
diode, and load resistor R3-24, | 


Connection of coil 13-12 into the cathode of valve J[3-7 


causes negative=-going video pulses to appear aoross the 
detector load. Capacitor C3=30 Slightly inoreases the detector 


conversion factor equal to 0.52. Choke L3-13 prevents penctras 


tion of radio-frequency energy obtained during detection to 
the video amplifiers. Jack 2 is used only when tuning the 
unit for measuring the amplification factor and taking 
frequency characteristics of the amplifier. : 


The video sienals produced by the detector are furnished 
through isolating capacitor C3=31 to the zrid of the first 
video amplifier stare CW8-8 ), amplified and passed further 
to the output cathode follower C 8-9 ) employing valve GHIiIl. 
the anode of valve fi8—8 contains inductance coil L3=14 to 
improve the video amplifier trequency characteristic in the 
region of hight frequencies, 


Valve Ji3-8 operates with a slight bias on the control 
grid, the bias being built up by automatic voltage drop 
across resistor R3=25, Thig provides the required amplifica- 
tion of the negative=coing pulse, 

Double capacitor 03=32 blocks the 


anode 
circuits of valve JI3~8, and cathode 


Provision of a cathode follower CJ3-9 ) in the video 
amplifier is necessitated by further conv 
the low=resistance onble +o unit d-7. 
enables the amnlific~ 


eying signals over 
The cathode follower 
to be matched with the cable due to 


ee | output resistanae (approximately 100 ohms). , 
3e3Q ic the pridleak of valve N3—9 ang R3=32 is the 


cathode follower selfebias, resistor. Filter R3—-31, 0335 
2mNceLs s S } . 
cancels spurious feedback through a 4300=V rectifier supplying | 


t amplifier. S 
he Pace a Jack 3 1s used for bassing pulses to the 
anvplificer innut when adjusting the unit 
& 


comparatively low 
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z The main channel video amplifier tennetens the signal 
pento the selector stage of unit J-7 to the input of the 
Myideo amplifier of the indicators. The video amplifier, whioh 
ES 


pases valve OHI (13-12 ) in a cathode follower circuit, 

/ons ures transmission of the signal over the coaxial cables to 
‘units T-4M, J-5 and separates video channels of the tracking 
Isystem and indicators with a view to removing coupling 

‘between these channels. 

: In the diagram (03-47 is the isolating input capacitor; 
pRI~H9, the gridleak of valve [13-123 03-48, R3-50, the decoupl- 
fing anode filter; R3-51, the self-bias resistor and C346, 

ithe isolating output capacitor. 


3 The automatio gain control AGC circuit of the main channel 


A ean ee 





x 


rreceiver consists of an AGC detector (left portion of valve 
13-13 ) and AGC amplifier (right portion of valve JI3-13 ). The 
anode circuits of the AGC detector and AGC amplifier are 
isupplied by the rectifier developing a negative voltage of 
2255 V relative to the unit chassis. This provides obtainment 
fof the AGC negative voltage controlling the IF amplifier gain. 
(The left portion of valve /J3-13 operates as an anode 
MTS tor with load R3-54 connected to the valve cathode. 
'Negative bias to the detector grid is supplied from voltage 
; divider R3-53, R3=55, R3-59 for obtaining the ACC delay. 

The AGC delay is controlled by potentiometer R3=53. 
Owing to the delay the AGC cirouit starts functioning at a 
certain level of the received signal and is disconnected 
automatically in case of weak signals. The target signal of 
positive polarity is coupled to the input of the AGC deteotor 
throuch capacitor 03-54, from the selector of unit dim? 
Across R3=54, C3-50 the D.C. component oF the detected signal 
is separated and through resistor R3-58 is passed to the 
control srid of the AGC amplifier. The amplified D.C. voltage 
is separated across resistor R3-56, filtered by R3W"57, C3-o1 
/and is applied to the valve grids of the second and third 
stares of the main channel If amplifier. To this circuit may 
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be connected a voltage divider located on the control nane]l 
of the station when manual gain control is resorted to, 
Conneotion of the MGC paralyses the AGC action. 

This is because the low-resistanoe MCc potentiometer 
‘Shunts hich resistance AGC circuits (R3-57). The time constant 
of the AGC circuits determines the receiver ability to keep 
constant the level of video pulses at the output at various 
rates of changing the picked-up signals. The time constant 
in the clrovit under consideration is mainly determincé by 
the values of R3=54, C3-50 and is taken equal to 0.25 sco. 

With these characteristics the receiver AGC does xot 
demodulate the signal whose level chanzes due to scanning of 


the antenna dipole at frequency CepeS. and slowly varies 


the si;mal power conditioned by interference. The AGC range 
. S60 dbuat: the: 217 Signal level at the receiver a 
The TF amplifier of the sighting channel differs from 
of the main channel only in electrical characteristics. 
It is also composed of six single IF amplification stages 
employing miniature pentodes 6%1I CWI3-14, 73-15, 3-16, 
13-17, I3~18, JI8-19 ) with tuned circuits conneeted into 
the valve grids of the Subsequent valves. The circuits of 
the first and fourth stages are tuned to frequency (40 + 5) 
Me/s3; the circuits of the Second and fifth stares are tuned 


to frequency (40 ~ 5) Me/s, the cirouits of the third and 
Sixth stares are tuned to 40 M 


| Mo/s. The adopted system of 
tuning the circuits to three different frequencits ensures 
a passband of the entire amplifier equal to 10 Me/s and 
amplification fnrctor to 7000, 


that 


The TF amplifier of the sighting channel is fea with 


Signals from the IF preamplifier of unit I-16 through a 
coaxial cable. The sighting video Sicnals are disoriminated 
by the diode detector 13-20, which passes them to the 
cathode follower (]13=21 and JI3.20 5 


Tet aye ‘ 
The detectors and video amplifier of the 


| ; Sighting 
channel are similar to those disou 


ssed above. The conversion 
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ee ba 
F 2a0tor of the detector is 0.7 and amplifioation factor of the | 
‘gideo amplifier is 15. The startestop multivibrator (J9-10 ) 4 
Pas triggered by positive pulses leading the main pulses by : 


2 microsee.This improves suppression of noise from the main 





‘pulse on account of radar time displacements of the main and 


3-1 QO is made conducting by +300 V being supplied to the 


;valve grid through resistor R3-43. The anode current of this 


win 


triode sets up woltage drop across R3-41 driving the left 
Vewtode to ov -off. When a positive pulse arrives at the 
ria of th. left portion of valve J3-10, a negative puise 

cuttin’ off the right triode through 03-42 appears on its i 
| poe In this case the voltage drop across R3-41 becomes a 
| ual to zero and the left triode begins to conduct. 
| g The right triode will be cut off until capacitor C3-4e 

2 ce aischarges through resistor R3-43 to a potential approximate- 
( —Ply equal to the anode of the open lef% portion of valve 3-10. 
after capacitor 03-42 has discharged the circuit comes back to 
[ E the 4nitial state, i.e., the right triode becomes conducting 
| and the Left triode is driven to cut-off. 

: The voltares in the circuit drop in an avalenche~like 





te Le ae ee 


na 
t . Before ee of the trigger pulse the right triode | 

f 

| 


a te ce Nee 8 REP Me Spang poses SS ee ee atten 
I DTT ey e22) Te : ee 
- wets oom - 7 
60 si ia 9 ce « 
tenements wey eye? As 


oe eee 






me soem mar te ae oe. ene 


Fn 





’ manner because of positive feedback between the stages. Owing 


wee ie gE me en tt te ge 


‘+o this condition the circuit produces disabling square pulses. oe 
: | : Loe 
the time constant of R3-43, C3-42 is so chosen that the length | a 
Pof the disabling pulse is approximately 0.5 microsea, which dE 
| ensures overall covering of the noise pulse. : 
Potentiometer R3-38 makes it possible to change the | ee 
asters level of the left triode and thereby vary the duration 
of the disabling pulse when plkbening the radar. Prom the | : 
! anode of valve [3-10 the disabling pulse is furnished oe Ne ¢ . 
| isolating capacitor C3<43 to tne grid of valve 13-11(6K11). - 
¢, | 
| This valve improves the shape of the disabling _ a 
by clipping the positive peak, limits the amplitude of the 


f 


: disabling pulse and reverses ita phase. Valve 3811 operates - 
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With a large negative bias on the control 
voltage divider R3=48, R3-47, R3=46 = the anode lo 
of valve 8-11, R3-45, c3=44 ~ the decoupling anode f1ltep 
Prom the anode of valve J3=-11 the disabling pulse is 
passed to the zrids of the first If stages of the main 
Sighting channels through a RF filter. 
The univ suyply: the filament clrouilts of the valves 


are fed by troasformer Tp3=1 incorporated in the unit; i 
this case, ° 


winding. | 


and 


Th 


T.e anode cirouits of both IF amplifiers are fed with 
uns?-oilized voltage of 4140 V3 the output cathode follower 
an. disabling pulse multivibrator are feq by the +300=V 


“reotifier. 


The unit consumption: 0.45 A from 117 V, 400 e.pes. 
supply source 
~30 mA from +300+V rectifier 
“150 mA from +140-V rectifier 
—3 mA from +225-y rectifier. 


Purpose 


ihe sweep unit is desiened te: 


(a) Shape the sawetoo+t vhed current feeding 4 


colis of the search indicator. the rotating 


Cb) Square the seer 
ne ceerch sweep orient vening pulse. 


(ce) Shape the trigger pulse of th 


when the is trige 
e unit is tricrcered by external pulses. 


Ca) Obtain callbration vr 


Ce) Mix signals: target, rance nark 

ait sy 
calloration range markers, and present t 
intensity modulation o 


On its Torward strolce, 


» heading marker, 


hese Signals for 


the search indicators when sweep is 


‘ 
er 
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(f) Mix signals: reply Signals, target selection pulse 
and calibration markers for amplitude modulation of A=display 
“of the sighting indicator. 
q Ce) Shape the Saw-toothed sweep voltage of the target 
tracking indicator. 

(h) Iorm positive square-wave voltage of sweep brightening 
on the sercen of the target tracking indicator. 
: The unit consists of five component parts designed as 
sthree individual subpanels. 
Oscillator and search sweep amplifier comprise the lst 
‘subpanel Cleft); marker oscillator and search channel mixer 


* 
a 
% 


FE 

: Sighting fnddoator eats. Saw=toothed voltage forming 
channel of the tracking indicator and shaping stage for 
[triggering search sweep generator from external sources make 
fup the 3rd subpanel (right). 





Desoription of functional and schematic 


ese —_— est elle eee 


diagrams_of, sweep unit 


| 
, | The diagram includes twenty-five elements of which: 
1. Forming stage, 2. Buffer amplifier, 3. Sweep limiter, 
(4. Multivivrator , 5. Sawetoothed wave generator, 6. Saw- 
toothed voltage amplifier of operator's indicator, 7. Saw- 
[toothed voltage amplifier constitute the search sweep channel. 
8. Buffer amplifier, 9. Forming stage, 10. Oscillator, 
bo ll. Blocking oscillator, frequency divider of calibration 
b range markers constitute the calibration marker oscillator. 
| 12. Calibration marker cathode follower, 13. Range marker = 
, : cathode follower, 14. Vidco amplifier, 15. Output stage 
: —oonstit vute the mixer. a 
| 16. Calibration marker amplifier, 17. Calibration marker 
: _ cathode follower, 18. Target selection pulse cathode follower, 
19 Reply signal cathode follower constitute the mixcr of the 


sighting indicator. 
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20. Trigger pulse cathode follower, 21. Multivibrea ator, 


ed. Sawetoothed wave generator, 223. Cathode follower, 
e4, Brightening pulse cathode follower of the traoking 


indicavor oonstitute the saw-toothed voltage channel of the 
tracking indicator. 
The schenatic diagram of the unit is shown in Fig.34. 
the sweep unit consists of five component parts: 
Ll. Gselllator and search sweep amplifier. 
2, Calibration marker oscillator. 
3. Mixer. 
4. Mixer of sightings indicator. 
De Saw-toothed wave generator of trackinr indicator. 


Oscillator and search sweep amplifier 


the unit is fed from unit J-7 (resistor p7=-166 of valve 
179 ) with positive-going, short-time pulses of 40 = 45 V 
amplitude through cable 28. These pulses trigger the search 
sweep circuit. 


The search sweep circuit consists of a buffer amplifier, 
sweep trigger multivibrator, sweep limiter or quenching valve, 
sweep generator , Sweep amplifier and diode restorer. The 
block diagram of the oscillator and search sweep amplifier 


is shown in Wig.35. An additional element of the search sweep 


channel is the forming stage to triv¢veger the sweep from external 


sources, which is switched on when changing for checking the 
station operation. | 


The forming stare serves to trigger the search sweep 


channel by positive and negative pulses of some 15 V from 
external sources. In this case, switch BéA=2 must be set at 
CHEC! Oe 


In view of the majority of the pulses used for external 


triggering having large parasitic peaks, the right half of 


SECRET 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/18 : CIA-RDP78-03066R000200220001-4 


50X1-HUM 


Declassified in Part - Sanitized Copy Approved for Release 201 tere CIA- me -03066R000200220001-4 


SECRET 
50X11 -HUM 





BO 


its erid is biased negatively. This olins the peaks by an 

i amplitude of 10 = l2 Vv. 

iz triggering is effected by a positive pulse, the pulse 

a | ds eee woe Jack [y-1 to control grid 1 through capacitor 
Cy and picked off negative from anode 2 through capacitor 
1 C44 to grid 4, . 

: If the trigger pulse is negative, it is supplied from jack 
7 P,-6 to cathode 3. ; ee 
| “he other half of valve JIy-15 (e2rdia 4, anode 5, cathode 6) he 

amplifies the trigger pulse to 40 V and turns it over. The 

pulse is fed to trigger the sweep of tho search channel. | kor 


I 
iaoue 4-15 is driven to "minimum limiting, for whioh purpose 
| 
f 
| 


- Ae ae te ph pe as as a Ne A eee en : >? 


yo The first portion of valve JI4—1 (6N9C) is the buffer 
-amplificr whose :rid is fed with positive trigger pulses: 
, the amplifier cathode is kept at some 412 V. This voltage is 
taken from a divider formed by R4e2 and R483. With such a bias 
| the valve is driven to cutoff. The positive trigger pulse 
being applicd ta the grid is ereater in amplitude than the 
bias, and the valve is driven into conduction. The anode 
potential drops sharply. As a result, a negative pulse Ils 
obtained at the stage output. The shape and polarity of the - 
input and output pulses is shown in the blook diagram of the 
oscillator and sweep amplifier (Fig.35). 


trigger multivibrator 
eseeeges eoaeeeuge 00 @ @ 


Weed 
seede 


po The negative pulses from the buéfcr amplificr start the 
| sweep triscer nultivibrator. The simplified diagram of this 
multivibrator is shown in Fig.36. | 

She multivibrator employs two triodes of valve Ji4-2 
(6H8C). Before arrival of the trigger pulse the second triode 
of the valve (srid 4, anode 5, cathode 6) is conducting, since fh 
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erid 4 is aonneotced to +3500—8V 


supply tnrough resistor R4={11, 


Which causes the appearance of the grid ourrent. The onathode 


eee aaa carrics a current larze enough to raise the cathode acne 
potential with respect to the «rid pot 


grid potential. That is why the . 

triode operates near the cero bias. . 

_ | _ The first triode of valve W4e? (srid 1, anode 2, cathode 3) 
is cut off. Its srid is fed with a positive bias of about 

+14 V (the voltage drop caused by +300- supply across resistors 
R4=-67 and R4-4)$3 at the same time a larse necvative blac is 

fea trom resistors R4=97, R4e9 and RhelC through which the i 


anode current of the second triode flows. 
i 


. Upon arrival of the 
amplifier, the anode 


« Cate 


negative pulse from the buffer 
current of the second triode stops 
tL oWwin= VOQPOURD resi stors Rin? , R4e9 ana ee 


. \ 

n4el, and sne oe 

Q 

| second triode is cut off. 45 a result, the necative bias is 
| | tacen from vid 1, the first trioze terins 7 


Sane COnduUCtTIngs Zhe : 
anode potenvial of the first triode drops and the resulting “ah 


egative pulse on s the sesond triode cuteoff. - 


The second triode misht tc open upon discharcse of capacitor 


| Che3. Tne capacitor discharvco depends on the time constant | 
| of HO Co4—35 and R4mL1l), tet the triode is driven int | 
conduction tetore enpeotitor Cl4a3 mara =5 +o discharse. Yhis : 
| 
a8 becousc svid 1 is Yel witn a strong ‘finellings’ negative = 
ee | 
- pulse from the sweep Liniter Cautoscuencnin- valve). 
| 2nG anole potential of the fiwst triode riscs, grid 4 | i, 
| receives surricient pocitive tins ani the second triodc starts ee 
e 
| conduction. . 
| é Thus, thé tritces sultivibrator shepes 2 necative square ; 
WEles <65 tie enGse 62> ne Pirst triode), whose ee I 
; 7 ale eet . | s 
| eet oka rs ath that of the triccer pulse, snd the : : 
| Rete Zee a eek! a a 


- 
aa em - i+“ 
hep usale PolLog ell ager 428 ~ae 


sweep one. The 7 
snown in “dirs 36 and 376 | Me 


ad 


“he pulses are 
} | 


eet gerbe OSG 


SECRED ic Soke kne Goer 


MO FOREIGN DISSEM ee — 
Declassified in Part - Sanitized Copy Approved for Release 2012/04/18 : CIA-RDP78-03066R000200220001-4 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/18 : CIA-RDP78-03066R000200220001-4 








"3 | | | NO FOREIGN DISSEM 
| | = SECRET 50X1-HUM 
: — 722 
| | 
| Swe cep limiter Cauto=quenchin ng Vv valve) iS 
° eseoe es @ 8 eS e@end *e@es eoeen one a 
The simplified olrouit diagram of the sweep limiter is : te 
-ogresentcd dn Pipes. - 
“ valve W4-i Cerid 4, anodo 5, cathode 6) of the sweep Le 
|. diniter 45 started by a positive savetoothed pulse, taken a. 
“spon “ecdback resistors R424 and R4-25.o02 the sweep amplificr. 
a nefore arrival of this pulse the triode is cut off by 
' the bias voltage (on the triode cathode) taken from resistor 


“ahe9, AS the positive saw-toothed pulse arrives from the 

ae resistors of the swecp amplificr, the potential of 

; rid 4& rises. When it exceeds the positive bias on the cathode, 

Ane +riode becomes conductive. 7 

3 Whe trigger potential is set by means of rhcostat R49 ok 
triode is triggercd, its potential on anode 5 drops 

or? (stops) the first triode (grid 1, anode 2, cathode 3) 

the sweep trigger multivibrator. AS a consecucnce, the 
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othe trigger multivibrator will stop tne savetoothed wave 7 Z 

i . 4 

: i cenerator and this will restore the initial negavive bias : 

Von xvid & of the triode with respect *%o cathode oe : 
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weep renerator valve 4ed 


C2 


(SS } nas no cathode load. r 
ie ae istor R4-l2 
; . 4 nents through resictor naowice 
‘s grid is couplicd to the unit echascis srrouga . - 
| 3 138 
“chs valve is a welleconduoting valve. iv tn¢ moment : c= 
ae, wr read o i ne 
te 266 SA ch a soa mulsc, the valve sets cut off, wh 
Sod Ot ae Wie ed . ‘i ee 
ode potential tesins sicing at the rave oe upon the oo 
od a ae bo 
Sweep 
; Pile ses ve 
~é~dever ee FCs eetcns caeea., phle38, “1. 39, a. 
eated in tha control panel. Sy operayly a fe 
or each enets 5 : a 
the control panel resistance 1s ce re, io / E 
s 7. | 5 gb = yao: 
such a value that the RC time constant may produce / | y 
be/ > le oe) aae 7 a oe a | 
> cveap. Upon ees sation of tne nersative square J | 
Of SWEGCDs n ; 
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pulse valve 4e3 hecomes triggered again and its anode 
potential falls sharply. As a result, a Saw=toothed voltage 
ils obtained, which ls fed to the rrids of the sweep amplifiers 
of the operator's and remote indicators. 

Ghe output voltage on the screen grid of the sweep 
generator has the form of positive square pulses. They are 7 : 
obtained, in this case, due to absence of the earth=shunting bs 
capacitor. The pulses are used for brightening the searcn 
sweep trace. 


! - The sweep generator, the waveform and polerity or its 
| —  -pulses are shown in Fig.38. 


me me eee 
og as : - a 
oO 8 ae 


Sw ep a amplifier 
| eeeccvcs 
| jne savetoothed voltage from the sweep generator is fed 
to two similar three-stage amplifiers located one in the | 
operator's indicator, the other - in the remote indicator. a 
The simplified circuit diasram of the sweep eaemplifier of the eS 
: operator's indicator is presented in PMis.39 (this amplifier 8 
: is under consideration). 
, The first staze cmploys the first triode of vaive Ji4-4 
(grid 1, anode 2, cathode 3) and is actually a normal voltage 
amplifier. The triode grid is direotly coupled to the anode © 
i of the sweep generator. This results in appearance of positive 
bias on the grid, but the anode potential of valve JI4-3 is | 
$0 low between the sweeo pulses that the bias from resistor a 


| : R423 turns to be suv: Lokand for keeping this grid at a low 


bf negative potentiai. 


oo? | nen the sweep is on its forward stroke, the potential 

! of cathode 3 of valve Jl4-4 rises maintaining a negative bias 
| - on grid il. : eae 
: | Ghe sveep amplitude is varied by the rheostat (R4=25) : OF 
! 4n the cathode circuit entitled ANPLITUDE OF OPLDRATOR'S 
INDICATON SWEEP CAMTUMTVIA PASBEPTKM MHIMKATOPA ONEPATOPA . 2« 


#ii 
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The first stage (valve Jl4-4 of the Sweep amplifier 
operates as a varlable-gain amplifier, 
| Setting of rheostat R4-25 has no effect on the amplitude 
: of the voltage being applied to the sweep limiter, 
- If, for instance, the value of R4-25 4s decreased, the . 
gain of the sweep amplifier inoreases due to &@ decrease of i 
negative feédback. Resistor R425 handles greater current and 
the voltage drop across the resistor remains invariable. This 
means that the steepness of the Sweeping voltage and, 
consequently, the amplitude can be changed without changing 
the duration «<f the saw-toothed voltase, 
The sscond Stage of the sweep amplifier employs the 
second + hsiode of valve J4-4 (grid 4, anode 5, cathode 6). 
cs has no resistor in the cathode oircuit and Operates 
as a ‘normal ampli? ler with the anode load and gridleak for 
rartial D.C. restoration. Capacitor C4-9 blocks the D.C. 
. component of the saw-toothed voltage. 
the remaining A.C. component is applied to the grid 
Pe and produces equal areas above and below the mean value of the 
zero potential line. During the resting time the grid starts 
acquiring a negative potential, but the grid current that 
has appeared passes through resistor R4-19 and feeds negative 
blas to the erid. 
| During the resting time the capacitor discherges slightly, 
which is conditioned by the time constant of resistor R4-19 
and capacitor C&+-9, This provides for oneration of the second 
triode of valve T4.4 irycercotive of the amplitude of the © _ 
sweep pulses or curatvion of intervals between theme a 
The third (output) stage of the sweep amplifier employs 
valve J4-8, 
Its cathode is earthed through defleoting oo41 of the ¢ Bo 
indicater and resistor in the cathode circuit of the first fe 
Stage. The ancde current of the last stage builds up a voltage ie 
in the cathode circuit of the first stare of the polarity, bee 
Which causes inerense of bias in the first stage. The injected 
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' - negative bias stabilizes the gain and linearity of the sweep. 
. Before the sweep starts valve J4-8 is cut off, since | oe 
s+ has a bias 27 V less than the cutwoff voltage. The amplifter I 

| | (vaive JI4-4 ) operates without negative feedback and gives a 

| high gain. Owing to this the gaw-toothed voltage becomes | 

| steeper, the sweep speeds up considerably and she loss of © 

| time required tor raising the potential from the value at the 

cut-off valve to the value at the open valve is only 

0.5 microsec. After the valve is open the negative feedback 


A ae erm ey 
-“ Tw ee! 


reduces the overall gain. The sweep rate decreascs the value Hs 

required for the distance range used. : 
Aetion of the negative feedback is shown in PigehO. | 2 
Seotion AE is below the cut-off bias of valve JI4-8 and is es 

amplified greatly ty the two first stages. a 
Seetion BC is the operating section of the sweep at which : 

a current flows through the deflecting coils. This develops a ji 

negative feedback decreasing the gain. This section is iess 

! steep than secvion Abe 

| | After every pulse, the current through the sweep coils 

| must be zero. This is necessary to allow the spot to return 

+o the sercen centre before commencement of the next sweep 

pulse. Tt there is current during the resting time a circle 

3s ovtained in place of the bright spot in the screen centre, 

4e@e, the start of the sweep is off-centred. 


™g prevent direct current betvceen the sweep pulses a 


constant bins of = b2 V on valve jl4-8 is sufficient. . 
Mg eliminate jumping of range marks on the remote ae 


indicator, potentiometer R4-20 is introduced into the second 
stage of the cearcn sweep amplificr. 


- 


4 t - | i s ‘ ye 
Piaced between the’ second and the final stages of the as 


ayeep anpLifvier is diode Jl4-6, [ts function is 


to restore a 
she D.C. component on tne grid of the output 


Stage. This is - Le 
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neoessary to make the instantaneous value of the grid potential 
of valve JI4-3 dependent only upon the impressed saw~toothed 
voltage and independent of the waveform of this voltage. 

If this is not so the amplitude of the sweep on the 
snaicators would vary with"the range scale used. The function-=- 
ing of the diode restorer is shown in Fig.4l. 

The left part of the illustration shows the case when 


there is no diode restorer before the output stage. Two cases 


are referred to when the grid of the output stage is fed with 
savetoothed voltage with equal amplitude of 40 V, but with 


different lengths of the gaw=toothed wave. 


Grid 5 of valve J4-7 and JI4-8 is fed with blas voltoacze 


3 of 72 V from the -225 V supply via voltage divider R4=39 and 


R4—38._ 

then the saw-toothed voltage passes through the coupling 
cirouit (Chel2,R4=34, R4=-35, B4-38) not containing diode 4-6 
to the grid of valve Ji4@8, 4% will be displaced with respect 


+o the fixed bias level of 72 V so that the sawevo othed areas 
- above and below the bias level line are equal. However, in 


eonsequence ot different lengths, the savetootned wave 


amplitude will vary, in one case, from =te V to #42 Vy ane; 


gr hy NR = ae ll 


in the other case, vrou - 76 V to ~30 V, i.e; in one cased, 
the savetoothed wave anplituce _ respect to the 72-V seve ei 
is 30 V, and in the other case is 6 V. This means that the 
operating point of valve 4-8 anh be displaced Cepending 
on the devotion of the cawetoothea voltage and the sweep on 
the PPT soveon will not start from the same point eae 
range scales, while the sweep amplituac will be the larger tne 
shorter the sweep duration and vice Versa. 

™o prevent digplacement of the operating points of valves 
Jin’ sad W-.8 at various range scales, use igs made of ae 
diodes of valve JI4-6 designed for D.C. restoration on the 
grids of valves Jl4-7 and Ji4-8. 

the operating principle of the diode co ain 
following: passage of the sawetoothed voltage causes capacive 


usists in tne 


aed 
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Chmlo to change to a potential determined by the duration of 
the saw=toothed wave and time oonstant of the RC olreuvuit | Lo 
formed by C4-12, R4-35, R4-36, R4-38, R4-27. In this case, 
the time constant of the RC circuit is large. | 


“~« =e ~_~- Sp de ere, wee 
ete et ee patie de ye oe ea ee 


Upon cessation of the saw-toothed voltage, a negative 7 
. voltage corresponding to the charge of capacitor C4-1l2 will be e 
| applied to the diode -cathode. This results from the potentia Po 
| difforence between the capacitor plates not being in position . 
to change instantly. Diode 6X6C will be driven into conduction 
and capacitor C4uel2 will discharge through the diode over . 
the circuit with a smaller time constant. Thus, the initicl & 
level of bias voltage equal to -72 V will be set on the grid | 


of the output valve by the beginning of the next saw-—toothed 
wave. . 


fee me on 


\ 
| So, with any duty cycle of the saw~toothed wave, the ~ 
| blas level of output valve JI4-8 is maintained constant. 


CalLlbration marker generator 


= a =——=s wa wer on eas =—-_ ine —, a, fiemog ecto raz pene Cs 


The marker generator produces markers appea aring on the | 
indicator scrcen 10, 20 or 40 km. apart depending upon the - . 


position of knob RANGE, EM. ( JANILHOCTL, KM >) on the front 
| of the control panel. 


The first marker appears at the moment when the trigger 

_ pulse arrives, the second, third, fourth, fifth and sixth 
| ' markers (the fifth interval between the markers) will settle 
| in line with the duration of the negative square pulse at the - 
input of the calibration marker generator channel, 


Owing to the swecp the range markers on the indicator 
 sereens look like tright circles. The latter are used as i. 
{ 
distance senles when range is to be read off, 


The caLioration marker. generator circuit begins at 


divider R4~6 ond R47 and ends at seria l of 


me — 


| mixer valve Jl4-11. Je 
The caiibration marker generator consists o? a buffer a 
amplifies, soraing stage, sine-wave oscillator and blocking 
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F oscdllator with frequency division circuits. lie.42 shows a 
fsimplified olrouit of the calibration marker senerator. 

: The negative square trigger pulse is communicated 

| through capacitor Ch4-15 to control prid 1 of valve 4-9, 

| Before arrival of the trigger pulse the first triode of 
valve W4-9 (srid 1, anode 2, cathode 3) is conducting, since 

fthere Is no bias on its grid. Therefore, the potential on 

Janode 5 of valve N4-9 and grid 1 of valve J4-10 is low due 

Eto a voltage drop when the anode current passes through 

jresistor R4—43. In this case, grid 1 of valve JI4#10 is fea = 
with a voltage of about +90 V, and cathode 3 with some 4160 V 

‘from a voltage divider formed by resistors R4-49, R4-51, R452. 
‘Therefore, grid 1 of valve JI4-10 is biased to about -50 V with 

respect to cathode - the triode is cut off. Grid 4 of valve 

eee is zero=biased with respect to cathode, since it is fed 

with +29 V from the +4300-V supply via divider R4-42 and R444. 

+¢9 V is taken via divider R4-49, R4-51 and R4-52 from the 


'300-V supply. Thus, the triode of valve W4-9 (seria 4, anode 5, 
cathode 6) is open. 


: RE TN ce PL ET 


As the negative trigger pulse a rrives, the triode of valve 
WH-9 (grid 1, anode 2, cathode 3) is cut off. The potential 
of anode 5 of valve JI4—9 and that of grid 1 of valve JI4-10 
increases, the first triode of valve 4-10 (grid 1, anode 2, 
cathode 3) begins to conduct, and the circuit generates os 
oscillations. The oscillation frequency in the circuit is Woy 
determined ty the ~oramctozs of the vesononce circuit connected 
vetween the cathsadss of the sccond triode of valve J4-9 ana 
tirst triode of valve Ji=i0. 








ws 
oka 


The marker frecuency neoduced by the osciliatory circuit | 
S 14,984 Mo/s, whieh cozvesponds to a l0-km. range. The frequencies » Eo 
Of 76492 Me/s = 20 km. and 3.746 Mc/s ~ 40 km. are obtained ies 
“n account of the wreauencoy of the 10-kn. markers =: divided lies 
the blockine oscillator = the second triode of valve Ji4&-10 
\erid 4, anode 5, cathode 6). | 
The oscillnticns amplified by the first portion of valve | i 


oN 


8 
EL LS ee OE PD RTI I IR ATS POSER HD re 


SECRET 


Au runeanGl ae VERE TENNT ss ae = 


Declassified i In Part - Sanitized Copy Meproved ii Reldase 2012/04/18 : CIA. RDP78-03066R000200220001-4. 


_ Declassified in Part - Sanitized Copy Approved for Release 2012/04/18 : CIA-RDP/8-03066R000200220001-4 


SECRET | ~50X1-HUM 
ian | ee 


i 
f 


| _  (Wl4-10 are taken from the secondary winding of the pulse 
: transformer to tho grid of the blocking oscillator < the 
second portion of valve Nae tO:, 


The frequency of the 10=km. markers are divided due to 
the blocking process in valve JI4-10, In this case on 10- 
and 50-km. sweep scales the blocking oscillator is Operated 
by every positive pulse on its grid, 

On the 100-km. sweep scale, relay Pa is energized, 
which switches over the blocking oscillator discharge circuit 
ease ing to Che22, R4-46, R4=70. The frequency is halved, 
oo valve JI4-10 (second triode) opens only when acted cn 

| Yy every second pulse from the oscillatory circuit, 

On the 200—knm, sweep scale relays 

sieetaaa. wee relays Pp4-1 and Eee are 
. imese relays connect discharge circuit C4—22, R4&-125 
| | R471 to the blocking oscillator, In this ca | 


: ase, the frequency 
of the oscillatory circuit is divided by four, i1.e., the valve 
is driven to out—off only when be 


oars: eae acted on ty every fourth pulse 
s VOnteavory cirauit. Resistors R4=-70 ana R4-71 are 
iF 4 + 8 ity , ® | 
| ee” 20F adjustings the discharge circuits on the 100— and 
Tle TOE OAM Tac Varn 
: a Midge apical Through the second &roun of relay Py471 
motne 10— and 50-km. sweep sealcs & cut-off voltace of -225 V 
| Ls supplicd to the control erid of valve 5-12 ; it J-5 
| ate —4c° OL un “Je 
. On econ and 200-km. scales the circuis between the 
control grid of valve J[5-12 ana the =255+V supply is broken 


poe and the cutoff voltseo 4 
| he cut-off voltrge Js not Supplied,as a result 
J < ° 


iqa 
| Mixer 
See We =a 


Wee es “lo. 7 * 
ede cee GL Ue tae ; a 
: fiomcd for mixing vitag Sicnals 


kers and 4 
gé0 channel of ynits J-5 
forward stroke, 


oh 
tion PaENEO mewileo-ws ih GA aha Sabi 
. we Mew Ree, “cading markers, range mar 
; Ted ee Ty tem we wt m ty oe Pe es ah 
peesenvans® wucce slotcals over the vi 
a! 


ot, 
1 Moet ee Ws Soe 
Lhe Sweep is on its 


t 
| ine mixer consists o the follow; 
eae Ps + Yes OW1lNT aom j 
PS se ES oO £ponents . 

| ds Video Limiter = the second triod 

f ‘ “ VEU Tradode of ya] ve J[4 te 

fogeeel Qo fh oy eg tt Sets x “ as i wr 

& tae ae han Sy y ee ne, ay CM nent c: t) ) - 
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2. Cathode follower (calibration ra 


3 nge marker channel) = 
‘the first triode of valve 


| W411 (grid 1, anode 2, cathode 3). 
3. Cathode follower (range marker channel) = the second 
triode of valve J/4=11, 


4, Cathode output stage - valve 4-13), | lee 


| 
| : 
t . Video limiter 


! 
| { - ®@®¢@C@ GeO weeoeaeae6¢6 
> } 
i 


| The video limiter (the second triode of valve 4-12 ) 
starts functioning when the video pulse builds up bias on 
! cathode 6 equal to the valve cut-off bias. 
- = “From anode 5 video signals are passed to the eid: Or 
| valve JI4-13 through capacitor c4+33. 


Calibration range marker signals are applicd to the first 
| triode of valve W411, followed in cathode 6, picked off 
| resistor R4-60 common for the three stages of the mixer, to 
| grid 4 of valve JI4-13. Resistor R4=-54 serves to control the 
| amplitude of the calibration markers by varying the negative 
tias on the cathode-follower grid. 


- Cathode follower (range 
e@ees#8s6 


#eeseqgedagse¢eseocoeoaoeceuwid 


marker channel) 
o oo 8 6 e 


9 * o@#@e98 098 


| - The range marker signal is applicd to grid 4 of the 
second triode of valve Jl4=11 through capacitor C4=-27. Then 
, ° it is followed in cathode 6, taken from resistor h4=-60 common ee 
- Tor the three mixer stages andis communicated to grid 4 of | fe 
) the cathode follower (valve J4+13). | | a 
| The range marker brightness its controlled by means of | 
potentiometer R4—126. : 
: Cathode follower ( Th—13 ) | ee 


og-secoveeegeeayves & eoeu86 6 


ALL the signals mixcd are applied to the grid of valve fe 
SLE om 4 Oe 
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The valve cathode is fed with a heading marker, 
handling the heading marker is shown in Pig.44. 

The low-resistanoe output of this stage provides a low 
Shunting effect of distributing capacitance of the cables 
running to the indicators ( J-5 ana Ie-6M SY) 


The simplified oiroeuit diagram of the mixer with the output 
| stage is presented in Fig.43. 


The otrouit 


Sighting indicator mixer 
The mixer is designed to mix calibration range m 
! missile reply Sirnals, selected target pulses and to transmit 
| these signals. to unit I-5 when the Sweep of the ise dine 
indicator is on its forward stroke. , a 
indicator cons; 


SreCrS:, 


- 
UN ree ne et en ee “> 


The mixer of the Sighting 
ists of the following components: 


os 1. Calibration marker amplifier - the first triode of 
valve J4-14 (grid 1, anode é€, cathode 3). 

. ee Calibration marker cathode follower — the second 

‘wriode of valve [4-14 (prig 4y anode 5, cathode 6). 


| = 3. Selected target pulse cathode follower = the firs+ 
| riode of valve JI4-16 (eria 1, anode 2, cathode ope 


4. Missile reply sienal oat 
Sle athode follower = the s 
triode of valve JI4-16 Cerid 4, anode ; oo 


3, cathode 6) 
The Simplified circuit ai = 
" . agram of th io 
mixer is shown in Pig.45,. C Slghting indicator 


; ‘TY _* . ; $ "yy re . 
Lelore arrival of sositive calibration 


: ; range marker - 
pulses at Pri Pare : - 
| Winged te kek ae Ye, Mhn14 the amplifier control grid is ' 
3 Las € oD L000 3 Vf v4 . 
3 out 12 V due to the Voltage drop across resistor 
> 


cic triode resultin 


R4-74 in the enthedo of 
& from the passage 


of the osnode current through the valve 

S ule osidbbrat nrke : 

; u 4oration marker pulses. arrive at the grid, the 

3 ‘lode of valve J4.1! pee 2 : 
ee ut eel ODens Sharply an@ the volt 

its anode 2 uvovs abruntiy OLtage on 


wn wae 
Ye Neorative calLorsation marker pulses 
fiw » ae wo 
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| are passed through blocking capacitor ch=38 to grid 4 of valve 
W414 (calibration marker cathode follower). 

Upon cessation of the calibration marker, the first 
triode of valve JI4-14 comes back to its initial state. 

The process is repeated with the arrival of the noxt 
calibration marker pulse. | 


; The calibration range marker cathode follower serves “ov 

| transmission of signal and separation of the calibration LanZe 

| | marker amplifier cirouits and video channel of the sightings 
indicator. 

| The negative calitration range marker pulses come to 

| grid 4 of valve - 4-14, followed in cathode 6 across resistor 
R4-78 and are passed to unit JU-5 over coaxial cable 12. 


ot5 
e 0 


9clected tarsct 


e¢oe @ 


; pulse 


This cathode follower serves for transmission of signals 

| and separation of the circuits of unit T-+7 and unit J-5. 

The positive selected target pulse of about 25—V amplitude 
is applied to grid 1 of valve J4H-16, followed in cathode 6 
across resistor R4=78 and is passed to unit U-> over 
| coaxial cable 12. 
Bee er ee 

This cathode follower serves for transmission of signals 
and separation of the ocireouits of unit JT-3 and unit I-5. 

The positive missile reply signal of about 30~V amplitude oar 
18 coupled to grid 4 of valve Jl4-16, followed in cathode 6 
across resistor Rl-78 and is then furnished to unit H-5 
Over coaxial cable 12. 
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Haw-toothed wave generator of tracking 
The Sawetoothed wave generator is intended for producing 
the sweep on the tracking indicator of unit q-5, 
The tracking sweep generator consists of the following 
_ components: 
| 1. Trigger pulse buffer stage Coathode follower = the 
Second triode of valve JI4-17 ). 
és Drivenmultivibrator ( N4-18), 
3+ Saw=toothed wave generator (the first triode of valve 
i We19 ) and output signal cathode follower (the second 
! — of valve JI4-19), 
: | 4. Square brightening pulse cathode follower (the first 
triode of valve JI4-~197 ). 


5? | | The simplified circuit diagram of the saw=toothed wave 
— Generator of the tracking indicator is Shown in Fig.46. 


triode 


“‘# 


_ The trigger pulse buffer Stage employs the second triode 
| of valve W4-17 (Cerda 4, anode 9, cathode 6). 
This stage behaves as a cathode follower. It separates 


the trigger circuit of unit J-7 from the sweep circuits of 
the tracking indicator of unit 1-46, : s 7 


—_ fac aciven multivibrator employs valve 6yen7 
Her err r ” 

in the sane way as the nultivitrator in the sear 

i. channel (valve WH-? ), the only difference bein 
duration of the scu 


» It functions . 2h 
ch sweep | 
g. that the 
Be eck a are pulse triggering the sweep g 
8 Govemined by the varameters of the multiv 

Gischarre time constant of capa 
. wather than by an exter 


enerator ¢ 
ibrator, by the 

cltor C4=56 in particular, : i 
nal turn~over pulse, . ns 
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Saw-toothed wave generator and output 
o@#e¢e 
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siveetetar teeta 
- The saw-toothed wave generator circuit is based on 
' stabilization or the charging current by injecting the 
' compensating EMI. Valve JI4-19, the first triode (acid. i 
| anode 2, cathode 3), performs the function of the generator : 
proper, the second triode = cathode follower, conveyiny the 
output saw=-toothed voltase to the second end of the 


. 4 
worry jn "3 * 
eS eee ae 


qd 
resistor (R4-109), thereby making the charging current oa 
| ) This results in a linear saw-toothed voltare of 2 lane 





anplitude at the generator output. 

: Resistor R4-110 forms a pedestal of sawetoothed voltage 

: which compensates for the effect produced by the cable 

. capacitance (about 300 to 850 pF), thereby providing lincurity 
sof the saw=toothed voltage at the beginning of the sweep. 


— 
ee err ar wm ar gpl 


i “rightening pulse 


eM 


cathode 


| The brightenin,: pulse cathode follower employs the first 
triode of valve JI4-17. The positive pulse from anode 5 ov 
) , valve J4-18 is applied to the cathode follower(hal? of valve 


| T4-17). | 
) | From the output of the cathode follower the positive _ | 
| brightening pulse (blaniing sigmal ' 1 ) is coupled through oe 


bo capacitor C453 to the tracking indicator of unit I-5. 


Current consumption a 


. , eovoeoevvurvreovuenveers vee 4% # 


| . The current drawn by the unit from the power supplies 


must te: 
: ee a ee ‘ 
(a> not more than 0.9:'A-from 115 V, 400 Gepete Supply; 
) (%) not nore than 100 mA from +350 V unctabilized 


Voltaze supply; Mh 


| . vaneaeed ait 
‘ age ee oom 7 , ’ "> ce roo yids CL 2% + © 4 
(c} not more than 110 mA from +300 Vo unsta : 
“ Se : 
VOLTAGE supply s !, 
a Te hy 
t 
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(d) not more than 35 mA from +300 V stabilized voltage 
supply. | 


| 5. Indicator Unit +5 


- eS | The indicator unit used in radar K-IIM is intended for | i 


viewing the position of targets in space scanned by the 


radar antenna. VJith regard to the purpose and operatins modes 


of the radar, the indicator unit is comprised of three 


individual indicators. ‘these are as follows: pe 
i | (a) plan position indicator; os 
} a Cb) tracking indicator; c 
: | (ce) sighting indicator. ; 


The plan position indicator is intended: ; 


vo determine the range of a target or a group of i 


~ ou 


| | | tarcets 


ye | (b) to detormine the azimuth of a target or a group of (eon 


targets; 


(c) to determine the aircraft heading. 





tube. This increases the electron bean intensity during the 
pulse time. The result is that a bright spot indicating the 
azimuth of and distance to the target appears on the indicator 
‘soreen.e 

The tracking indicator in vadar KeIIM is intended for 
yo accurate tarpet selection and viewing of automatic tracking 


. of the scleoted target and tarsets within the field of . vision 
| of the antenna. : 

bo 7  @he trackin: iIndleantor has the Ledis play. This display 

- | _ ads a modification of the Aedisplay where two pulses refleoted ° 

: | from the target are presented 


on the sercen as peaks Looking 
in opposite dircctions.. | 


ae — — 
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_ This indicator displays a clreular sweep. The echo signal | fn 
. | _ voltage is applied to the control grid of the cathode~ray . ae 
: | 


* 
ee 
: OO 
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The schematic diagram of the indicator unit presents the 
channels of three indicators (Tig.47); therefore, the diagram 
will be analysed separately, channel by channel. 


This consists of cathode«ray tube J5-2, type 19]1M31, 
brightening pulse shaper and video amplifier - valve J5~1, 
type OH8C. 
The equipment of the cathodeeray tube consists of: 
(a) Rotary deflection coil L5<£2. | 
(b) Selsyn motor M5=1, type CMC-1, rotatinz deflecting 
coil L5—2. 2 
| (c) :oousing permanent magnet with adjustable shunt. 
(ad) Centring system for vertical or horizontal 
displacement of the electron beam on the screen or tne 
cathode-ray tube. | | 
(e) Phasing contacts for synchronizing the deflection 
coil rotation with the antenna. 
For protection of the cathode-ray tube against the 
effects produced by the external magnetic fields, its 
envelope is enclosed in a special screen. 
™he deflecting sawe-toothed current is applicd to deflection 
(coll L5-2 from sweep unit Aan. | | 
The coil is coupled through selsyns 
the deflection coil of the plan position indicator. the radial 


to the sear rotating 


sweep trace rotates in synchronism with the sntenna, and its 

direction at any time corresponds to the antenna direction. 
iiigh voltae to feed the cathode~ray tute is produced by 

the hish-voltare rectifier located in unit ll2). 
The tube brightness is controlled by varying 


le of “fa I ee 
Voltage on its eathode taken from potentiometer howy. | 
sine the maximum (R5=-10) 


the positive 


Resistors R5=106 and Rd=10 deter 
and minimum (n5=106) brilliance of the tube. 
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The video signal which is aotually a mixed signal compoge : 
of calibration markers, range markers, heading markers and : 
echoes, is applied from the sweep unit to the cathode of the a . 
second triode of the search video amnpligier Chalf of valve . 
W5-1), type 680 CSee Fig.48). ; 

RF correction is effected by coil L5—1, and AF correction, : 
by resistor R5-7? and capacitor (5=3. The width of the ampli- 
fier passband is about 9.1 to 1.8 Mc/s. From the amplivier 
output (contact 5) the positive-soing video sisnal is 

oommunicated to the grid of the cathodejwray tube. The cathode a 
of the first triode of valve Ji5~{ is fed from the sween : 
unit with the sweep trace brightening pulse which from the 


=~ ob wail 


anode of this triode is passed to the first anode of the 
cathode=ray tube Ccontact 3), and from the divider formed 


| < by resistor R5=77,to the srid of cathode=-ray tube JI5-14 
| Coontact 3). 
When the sweep length is varied from 335, 570 and 1340 7 
microsec. the beam trishtness of tute JI5-2 is almost invari- : 
| able. when changin over to a sweep of 67 microsea. duration : 
| the beam brightness decreases more noticeatly on account of _ 
the sereen illunination time beins reduced. 
EPeoiing indiostor channel 
+ovGCUeeHAAaTHHEOC TEKH E HHO De Bae 
Tnas consists of: 0000000 
wf “. ; é 
(a) Citnodewrny tube I5—9, type 83029 
C(t) Savetootned voltare tuffer aetie aes ~ valve JI5-8, 
. type o1ec. . | ! 
BO itee ys “ ahuisiehs s 
Cc} “rackins svecp ibaa pulse buffer amplifier - : 
half of valve Jl5=3, type 6H9C | 


a tobe Ww 
(dj Switching video 


anplifilor = valves M5—4, JI5-6, 
type (> me ‘3 


Fi. Soke witiciel. 0. ap ea. c 

(ej uwivehing stera e valve 715-5, type oH9C. 

ee vigntenine pulse shaper = valve 5-10, nalf of 
valve JSeS, type O1f8C, and halr or Vaive 6OH9C, 


Cg) mixer ~ valve "5-11, type GHec, 
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The cathode~ray tube ( JIb-9) presents the Ledisplay to 
| find deviation of the target teing tracked from the axis of 
| the equisignal zone (See Fig.51). Tho duration of the tracking 
4n@ioator sweep is 10 km. The start of the sweep may be . | 
- gisplaced throughout the entire range of the radar. The : 
sweep generator located in the sweep unit feeds unit -5 
with positive saw-toothed voltage pulses (13th contact of 
 gonnector IIB5-1 ) and sweep trace brightening pulses (1eth 
contact of connector I[B5-1 ) at frequency Nye 
he saw-toothed voltage pulse is applied to plate Il-4 of 
aube 5-9. Part of this voltage is fed to the grid of the 
puffer phase inverter amplifier with voltage nerative feodback 
(capacitor C5-12) - valve M5-8 (See Fig.49). 
This amplifier employs two paralleled triodes, tyne GI8c3 
in addition to the divider (resistors R5-103, R546) the input ] 
contains correcting circuit (5-11, R5-103 which improves the 
linearity of the saw-toothed voltage. The negative sawetoothed 


Leap ip en a nd etm 


a nae hn a 


voltage pulse having approximatcly the same amplitude as the 
| positive pulse (200 V +10 per cent) is passed from the 
, oo. output of the buffer amplifier (resistor R5~44 ) to deflection 
plate %S3of tube JID-9. 

Mhus, symmetrical deflection in range is effected. 

The sweep trace brightening pulse coming from the sweep 
unit is applied to the cathode of the amplifier ~- hal? of 
valve [5-3 (6190) (See Pig.50). After being amplified the 
pulse is applied as positive to the epid of cathode-ray tube 

“15-9 (contact 3). | 
Plates I-1 ana I[-2 are alternately supplied with video 


signals (connector 85-2 ) arriving from unit H-3 (cable 45). i 
The switchable amplifier (See Fig.52) serves tor alternat: . 
supply of the videc signals to plaves 13 ana 4. ‘ 

The viceo signals are coupled to the — epids of 
two video amplifiers 15-4 and W5<6 (Gh4 ). Each video 


, : amplifier is loaded by 4¢4 own deflection sat e (tube To—D ). 
| he video amplifiers employ identical circuits and are a 
actually normel wide-band amplifiers with RF correction . a 
(inductance coils L593 and L5-4)- 2 
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: . For alternate connection of the video amplifiers use 
| made of voltage D ews, Ssynphased with the antenna ber 
rotation during tracking, : 

This voltage is applied from the reference voltare tenerat 
unit I-1, to the primary winding of balancing isaac lie 

through connector B5-1, contact 9¢ From the secondary a 
, the anti-phase voltages Catout 130 V) are impressed on Nae cnt 
3 of the switching stage (valve M5-5, ‘type 6H9C). The mina 


stare is s VOuy ion if4 
stace ls a two-way Cli prane amplifier, whose cathode ic fed 
~ 4.% ee iS r a. - 
with 255 V.0n the anodes of clipping amplifier 5-5) anzin 
| _ ; : tet A OLS wk, 
phase half=cycle pulses are squared (See Fig.52). Since th 


loads of the + " * mos Vine : 
se ne alipping amplifier are connected between the ce 
anodes of valve JIb={5 ne 


r “i 

— ; and "earth", the upper level o- the 
q are puises is clamped at all times at tho "earthi 

, when the triode is aut Ort, 


i eC ee 


potential ae 
ane and the lower level of the pulses I 
S 100 V when the trtode igs conducting | 


ing (in the selected . 
Oper: r + fF . 5 
perating condition). The anodes o- triode 


5-5 +4 Fe : 
to the su ppress + = ape coupled Ae 
r’ > CS a] Or aT To ,* +! ‘ - . e : i es 

ortGs ol video amplifiers JWI5—4 anq JI5<6. ; 


With the Suapresson aac 
be SUDPPCSSor grid at ~160 V in 


C} 


fas Z : ey 

a8 ue Selected operatin i 
conditio te wh as PeLaving | De 
cae "3 Maeve O84 is out off reliably, consequently sj 
during cperation of the switehine ste oe : ee 
meets Stage the video amplifiers : , 


rt - 4 ”“ 5 ~ . 
are driven into conduction an@ are cut off alterna: ‘i 
¢ = . 7 ib YO LT V very 
oe hehe VOLOREd- by tHe MAeaw | 
voltaze venerator. Therefore goeeaouaas 
9 
cS 


the Video si 
; Sl?’naie : 
to plates i. nnd Ly, Snals are pa 
£ 


3 
: alternately, too. The Pape 


Simpligicd eirouyit ov su, . . 
L wee Guile G she switohsatle video smpliti i 
in Pig.52. Soe pee aro | 
TP es mb te ee ay : 2 b 
A MPA OL Te ree oouY > ’ "2% 
ae | ee ah 7. tiie tare a Be , 
7 % & lw a4 & bn Ve 2 oe - = - ¢ ‘i 
bearings ae & aes rECea cs Fy er 4.% at Ts - hen taking Lts s : 
. Senary wnat the number of target echoc - 
a t. . iT " “a Oo 


3 
4 ere page oe 4 ey AH he 2 s 
PpEESea uO uli pia eee; Ot the track 


ae awl. 7 z . 
CqQuaus VO tu = S, whieh 


ng Lndicator should be 
corresponds to 9 4,0 
Lenas 80 2 40° turn ov the radiator 


Ts 


durin: o Mies pices oe ; : . 
ie Gondenl sennnine at the Kmoyolo 


The viduo pulecs are ¢ ircquenoy. | 
SS gate nash ee) SCO a eit ae, aoe es Ff a . 
| Dlates [T, ana I, : 
_— 


4.4 ined adn x % ang $ 
pers oie 447,714 - 
of ul Ua chCral YF andicator subo 


: alternatel 
Ci tk : 
eyele (150°) of the antenna beam 


eee 


Jy durings every halfe 
Lotavion, Put Sinec only Lo? 
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snarp, focused bright range 


+ Ia 


fw! ke 
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Cy - 
2 


mark pulses sre applied ta the cathodeeray tivbe ia 
cent between 40° orivhtening pulses. This hannens 
follows: both triodes of valve Ji5=17 where the siennals <1. 
| iixed, have common cathode resistor ROW39 shunt ee 
Ss { shunted by C ow 
C9-32. The capacitor resistance is high for the hemi- 
pulse und low for the 1.5=microsec. unas WOGt. TH6: ops 2 ve 


| oO 
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| plus is earthed. The high-voltage from the ~1500=¥ FeorsiT ior 
Pa impressed to the high-voltage divider which focds all the 


electrodes of cathode-ray tube J5-9. the ort ttnoss 49 


a? 


Read 


controlled by potentiometer R5-57. The horizontal and vertical 
| displacement is carried out by the symmetrical voltare taken 


from ganged potentiometers R5-48, R5<49, R5=54, R5-35, 
connected between the +300-V and -255-V stabilized supplies. 


Sighting indicator channel 


o@eenwtetrv2e,9 8 evoseaeveeeeegee 


The sla@hving indicator channel comprises: 
(a) cathode-ray tube J1I5-14, type 87029; 
(b) clipping amplifier and saw-—toothed voltage phasc~ 


inverter amplifier(valve W5=-12) ; 


(c) video amplifier valve J5-13, type 674. 

The cathode=ray tube presents A-display (See Piz.55). 

The sweep voltage is the volteze applied from the sweep 
unit to the deflection coil of the scarch indicator. The 
saw=toothed voltage is clinyned and amplified by valve Jlb-12 


-(6H8C). The operating condition of this valve ensures rather 
a good clipping of the saw-toothed wave pedestal and amplifica- 


tion of the saw-toothed voltage at the output. This results 
in appearance on the sighting indicator of sweep durations 
corresponding to the search indicator sweeps LOG and 200s 
Fig.55 shows that the saw-toothed voltage amplitude produces 
& sweep larger in size than the workin; part of the screen. 
the working part of the sereen is 55 to GO mm and in ease oF 
range 106 it should contain e working range of about 
80 = 4 km. with 15 ner cent lincarity. 

The grid of the clippinevamplizier (valve JID-i2,type GHS8C) 

ed with snwetoothed voltage (with pedestal) from the 

Search channe. (contact 14 of connector UBD-3 3. A Sate 
toothed voltae pulse e~she output of valve fib-i2 (contact 2) 


Ve ey oe 


“35 Wrenn ttn | 
is applicd to one of the norilsonvud 


ww 
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ess es 


ara Of yis ATO “Bale 9 . 
parc of this voltare taken fron the divider (variable recta. 


R5-85) is applica to valve (o-12, where it is turned over . 


a 
and amplified. The turned-over Sawetoothed voltaze equal to 


170 V is applied to the horizontal plate (contact 8) of the 


tube frorm the ut 1 I 
por tae output of the phesce=inverter amplifier. 


the required linearity is ensured by optimal current 


negative feedhaal nade * 
Ne & eedback (resistors R5=84 and R586) in both valves 


ni cm - ov ov = 5 ; 
ING Sientine sweep trace is trishtened by the brishtenine 
; te UG LL 


Cf. S) + . 
pulse of the search indicator. This square-wave voltacc i 


taken fron sh AP a : 2 
a] rom party of the anode load of valve JI5-1 (resistor 
Denke pt \ re 


~ i . f2 7 
R5-17) and applied +o the mrid of cathode=ray tube JI5-*4 
Ccontact 3), 


Mhaiooj- ce 3 a 
: ‘he signals cominre from the Sweep unit mixer are amplified 
Ve / eS aot . ae o ~ oe , 
y valve 5-13 (64 She 


by introduction of current negative fecdback CR5-84}4.~—The 
Sighting indicator on . 


ry oa on ; . 
a nee also be used for Viewing the processes 
Sour ious ai 
Meets ama Various circuits of the Pade 
the sween anr be sg < 1 
| oe ae be started by an external pulse (See sweep 
unit I-4M ) and the tndteaton funeti 
: “dicator funetions as a Synchroscope. 


This is achi a . 
VWeoLevea by sevuting switch OPERATT ON=CHRECK 


(PABOPA-KOHTPONB ) 40 position cars BRA 


inear characteristic is obtained 


¢. For this purpose, 


v . a ; 
Oe and 7eed ™ 4 COXtTerznz! 


Cae ~~ 


pulse to start the sween to te 


oe : 1 $ : 
wié iront panel of the svween unit 


St jack 3 (T4-3) ioeatea on 


4d 


Tube JD-14 is gunnlsca 3 
os dla OUDOLI Ed ty esseantic 
tube JI5=9 ¢rom - ssentlally the same way as 
Cason 2 common reetifier (-1590 Vv) 
MEL SReNGSS £5 controllea by 

af? ot ree Nt om ; oa 
£Ocus, oF potontiometer R5=466, The horizontal ang tical 

a3 oe : 7 a 7 + AUC c VOC Ce 
QeyY vex lly a3 Neo Oe), ANG. otf. atod : 

é Fale Sele ‘a 


joventioncter R963 and 


oy cane ¢ cee 
Ro~71 ; 73 : 9 porgr . P5695 Aone e A no ae pot enti OMmC tex nw 
i aie ae | neoved vbetween +} bilizged 
; es 1¢ stabilized 
i OW SB S ? ‘I 5 os = y, AF “a - o 
powe unNplies (4200 and. 2557), 4 


LI oe 
oth Supply 


GO Gla: She el eeeaea a. 5 


Onnceted to Lis vy 
° L15 Vy 400 Co peSe 


Q S j 
ire distributed 28 Lollovs-s. 


©) 


r Pe 0 

“4 ; The. oem c/o : 
MashiGe 250 SGcCONGary winds Yes 
* Ae oe ty at 
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Peg ee 





t # (a) winding II feeds the filaments of valves J5-1, 315-3, 
| se4, J5-5, WI5-6, 95-8, 05-10, Ji5-11, 5-12 (Gad Va G We 
(b) winding III feeds the filament of tube J[5-2 (o.3° 5 


Oo. 6 A)$ 
(c) winding IV feeds the filaments of tubes J5-9 ana 


: oak. (6s3 Vy. 055 ADs 
Me | = (a) winding-*feeds lighting lanp¢ M-36.- 15-16, 15-19, 
| (15-20, 15-21 (3 Vy 0.8 a). 

| The anode cirsuits of the tracking indicator valves arc 
|fed with unstabilized voltage of +300 V (about 25 mA), and 
| 
: 
| 


otter ar 235 


anode circuit of the search and sighting indicators, brishtness 
control eircult of the search indicator and beaneshift contrsl 
' eireuits of the tracking and sighting indicators are suppiicd 
with the regulated voltage of +300 V (about 30 mA) applicd to 

| unit I-5 strom supply unit J-8. When supplied with —255 V 

| | ao I-5 consumes a current of some 14 mA. 

} “The 1500+-V rectifier is supplied from 115 V, 400 c.p.s. 
tom » The total consumption by unit 4-5 when fed with 115 V, 
" 400 CeDeS. is not more thah 1.4 hy, | 
: | 


% 


be | Remote | Indicator la T6i: 


iy 


urpose 


onde 


The remote indicator (PPR) in radar K=IIM is intended for: 

(a) determining the range of a target or a group | of 
targets} 

(ov) determining the azinuth of a target or a group or 


” 
teen 


targets: 
C0): Geterminis- Goe eircrait heacing: 
one 2EATeator een a plan of the positions of all 
tarcets within a circular area. The echo pulse voltage 1s 
applied to the control srid of the cathodeeray tube, which 
causes increase in intensity of the cleetron bean during the 


? Vn 7 1 Bs wt? .. . ‘ 
working time of the pulse. 


—_er 
A REE I A le ETN rc n+ ls . 
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2 T 
_ . 


| eon: CiFCule. Of Uni Tee! 
! | a 


The basie clreuit cf the PPR (Pig.61) consists of - 


| | as 
at tl oem vw  ¢ ur 0 1 7 
| | | atvhode-ray tute, type 13/131, with its equipment, brishten- 
Soyer ,iom ak recite fe 5 ‘ ma : 
ing Pulse shaping stase and video amplifier 6-1, type GHD 
4 The cathode-rey tube equipment comprises: 
BO | : (a) rotary deflection coil 16-2; 
| | | 
bt). selesyne 2 L TY i. ; 
as (t). sclsyn-motor H6-1, type CMC=l, rotatinz deflection 


coil TLE? 3 


(c) focusing permanent magnet with adjustable 


shauscs 
(d) centering syste: for Sshivting 


) VAG GLeCuron Tahun on 
tne sereen of cathode-ray tube 13731 in horizontal «~<: 


vertical directions. 


+ ‘ se yee de pe ox a ° 7 
(@) phasing contacts for Synchronizing the rotation of 


4-44 ; . " 

vne deflection coll with that of tne radar antenna 

othed current is delivered to 

a - nin of ” C om oe + 

deflection coil 6+2 from the Sweep unit. The deflection coil 


Few . 
15 rotated in step with the antenna around the neck of the 


, | the deflectinzs saw=to 


: cathog Joe PLS > ad e a 
3 demray cube. The deflection coll is rotated through 
! gearing 10:1 by receiving selsyn NGe] (type Cchic+1) 
" We. an te s . : 
whe phasins switch 


is intended for connecting the 

ms aa ese 

vransmitting selsyn (a ‘ 

. | unit £1) in one of its < . 4s hearse 

LY: sO t 20S “en positions. The Switch contact may 
be shorted by means o< relay Pl2Mie-] 


rag 


receiving selsyn to the 


: . ;* ea rd rat “re el * * 
' Eade De SeLOVWG: “Cie senemati Atinorn , 
| ; 2 : unc Cineram of the receiving 
| SGLoyis.. TYG (ital, ; 
vis oe eee Wee a i Et aed St of 
; | : | C "4060 amplifice of the sween unit is 
COMMUNLCeTGC YO tana siaws pA Ann : 
AbR VAs eG See DLE position repeater through coaxial 
: . 247 "| }. : fe ei t. os * r s ey = : : = — = 

} ; cable RESO Boek, NERO ee ee es si nol LO Dm anAkR ” eS 

; ee Genes 15 DaGsed over cable 35 to 
pAkG OSSD MCL “On Ul aseagnaA +: — 
| | ) ‘ccond triode of valve J61 (GHL TE). this ‘ 

te ie eeEGG Waaced cwupblifter of unt 
| : ae anipolar ryals. Th 
OF Tate oa eee Se a Gee a 6.3 et oe eee 
: Sat oe fe Ate eo hae es hd ~~ th ‘LU Leu i aa “4 

: | | oe | -+ tO 1.8 Ne/s. Prom the 


output ocx ube video annlitian 
E o id, * do Ne ae 7.9 Saeed avast a. - * ~ 
Cee ad Poy ch DOSLtiive Sirnal Le furnished 
a ae oe : ’ > : beat oh: wed wie Sac? oh 
ve acd Yen ago vo ATR BY “+ em NN Mes “ee wt . 
a ge PE Be OS SAtnogcerny tube joe? ( PO TseQ 4 exe ode 328 
i t # 3 fs go 
oe 126 Catao0gde 


-OUG G1 Vedyo d6—l 4... 25 


5 oe oe . 2 
tn ye ty - meonlepecr wbe 
wh AF gd me ae ad. die we wa! tf 
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urightening pulse from the sweep unit (over 2 multi-core 
ereened cable). 

The brightening pulse is passed to the first anode of tube 
 16<2 from the anode of first triode of valve J6-1. The video 
_ is necessary because of substantial losses in the 
Hong video cable and for ensuring the frequency passband. 
| The indicator beam brightness is controlled by varying 
‘the positive potential at the cathode with potentiometer R6-8 
BRIGHTNESS CAPKOCTL). 

Focusing and centering are effected by means of a permanent 
'ring=shaped magnet. 

~ The ring-shaped magnet is assembled in a magnetic system 

with controls brought out. 

The beam centering is achieved vy moving the masnetic 
shunt while rotating knobs VERTICAL CENTERING (BEPTHKAJIBIAL 
| EHTPOBKA ) and HORIZONTAL CENTERING CTOPHSOHTAIBHAN UEHTPOBKA ). 
: Focusing is controlled by knob FOCUSING C®0OKYCHPOBKA ) 
coupled with the magnetic shunt moving on the helical raiis 
be the magnetic assembly along the magnet axis, thus changing 
| the field. 

+4900 V D.C. is supplied to the second anode of the tube 
from high-voltage rectifier [+25. 

A D.C. vegulated voltage of +300 V, feeding valve J5-1, 
the first anode and brightness control divider of tube Jl6-c, 
is delivered from regulated rectifier J-8. 

The filament voltaze to valve J6-1 ( 6Hill), tube Il6-c 
-(18]IM31) equal so 6.3 V and to dial lamps JIHO-3, JIHO-4, 
JTH6--5 equal to 3 V is applied from the step-down transformer 
of unit J~22. : 

The voto: of sel syn=motor M6—-1 operates on 115 Vy, 400 oepeSe 


ta 


ETE TR RE EE TE TE TIT ETE TE Nr oe 
a IEE Ty 








/from the inverter. 
fhe brilliance of the dial lamps is controlled by means 
rhe ostat R6—{11 ° 
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Unit supply 


=e wae 


The unit is supplied from the following sources: 
! | (a) 115 V =°3 ¥,. 00a; haha ~20 O6D.Se3 
— (b) regulated voltage ae V = 3 V3 
. Cc) D.C. voltage 44900 Vv + 300 V. 


Jo (7. Autoselector I-7 


Purpose 


- The purpose of autoselector unit [-7 is to synchoetice 
| the radar operation, follow the target automatically ix 


yo. eee 
and select the target video pulses for the elevation tracking 
| unit and ACC channel. 


Auvoselector [+7 consists of two main parts which are a 
selector and a lock unit. 


| The look unit is mounted on the first subpanel and 
_ consists of the followinz assemblies: 

(a) Crystal oscillator desimnea for Stabilizing the mid 
, repetition frequency of the pulses gencrated by the unit. 
(Cb) Voltage dividers con werting hi 


. : sh frequency of the 
| erystal (60 Ke/s) to a-series of short pulses with repetition 


| frequency n. or Ny Sena. 
po “9 Tr Cy Ui ne 
2 


a in oh at~ a r 
po repetition freauency of the vidheeadaees pulses. 
a. A vy 
(a) Output cathode followers allowing the output 
RE Pesos } Lv | 

ann Pusces of the unit to be passed through long 
~ GG » 
Gelay multivibrator desiened for displac- 
er trigrer pulse for a time cay 


Se oe | Os EO he 

Li Gos GeLey Or the FEaNGeG marl in the Selector cireauits 
a, J woe a 

(fixed cclay of SO mleresec. is connoetea wnen the radar i 

Bik ke - c S) 


ing The <7 abso li 77 


Operated on GHECK). 
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(f) Delay line producing a small additional delay Cabout 
iL ‘mgec. ) of the transmitter trigger pulses. 

The seleotor portion of the unit is mounted on the second 
and third subpanels and consists of the following assemblles; 

(a) Comparator comparing the time delay of the tracked 
target signal with the delay of the gate pulses produced by the 
Iunit. If the delays are not coincident, the comparator 
| produoes the respective error voltage. 


! (bv) Double integrator converting the pulse error voltage 


— 
re a a A Rr ae a 
nn a RL ALIA A A Trey Te ES eT 


‘+9 constant control voltage for the range phantastzron. It also 
wee the velocity memory of the system. 

: (c) Variable delay (range) phantastron delaying the gate 
‘pulses. Together with the integrator and comparator it forus 

| ‘a servo system for automatic target tracking. 

! : (d) Selector proper designed for separation of the target 
“tracking pulse from all the tar reets within the swept area. 


: Deseription OF. functional diagram 


Fig.58 is a revresentation of the autoselector. | 
3 The crystal oscillator produces a stable frequency of De 
: GO Ke/s- | 

The trequency dividers reduce the orystail frequency in 
three stages (3:1, 4:1 and 4:1). 

The third frequency Givider generaves pulses a» srEqCUency 

4 “ "| * C 

Ny CePpeS. and ssarts the modulation phantastron. Tne brads ine 
the moment all synchre= 


mere 


| edge of the vhantastron pulse controis 
nizing pulses of the univ are generated. 
ot a4 pa _ ca ose, “| c SY on rs vr y ~_ rn 

The control cizcult of the phantactron 18 fed G 


ee are tm em te 


roltae generator. | - 
Sinusoidal voltace trom she reference voltage genes tor i 
= tne wale fs 
The phentastror pulse Length being chan7ec,; ald 


ved to bee a a 
synehronizin-s ies produced by the unit are proved % . 


frequeney—modulated. 


etAent 20E FU Dee “beta RN amt stmtearte wn termed mn emige Hi Sopggine Same bene 


ee ee ae 


oh. x _ j : 1b ne a Tes 24" 
5 -™ “Ss ‘ Sant 
: s et tae ele oP Phe wud S a 9 ar 2 Oe Coy 
The cunpeesser and sweep srigcer ¢ d pulse. The : 
_ Ls e : ere. Cl nec pu no . t 
99 miorosce. with respect to tne aboveencntLor ! 


ee eR ta en aE ee et 
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transmitter trigger pulse is delayed in addition by 1 mi 


‘ = “~CPOSe¢, 
with respect to the suppressor and sweep trigger pulses 


the synchronizing pulses are communicated to the ex 


. xtern 

clrcuits throush the cathode followers. 7 
The variable delay pPhantastron circuit is started at ti 

moment vy. ~ 


! - os + 
The trailing ede of the phantastron pulse controls the 
moment the tracking indicator trigger pulse is generated 
: 3 
and the moment of operation of the fixed delay multivibrator 
(34 microsec.), 


Position of the multivibrator pulse trailin;: cde 
the moment of operation of the tlocking osoillator ae in 
turn, triggers the lst ana end gate pulse oscillator the end 
pulse being delayed by the delay line by 0.7 ae aaae, with 
relation to the lst pulse. The range mark formed in the circuit 
is delayed by 0.35 microsce. with respect to the lst gate pulse, 

the tracking indicator trigser pulses, gate pulses and 
range mar'le can be Simultaneously displaced with LeCSpect to 
Boer te provided mutual time delays between them are retained 

7 pees Generation of the enumerated pulses is associated: _ 
aia functioning of the variable delay phantastron, variation 0 
ne phantastron pulse duration allows the pulses io be displace 


with the itire dis : 
—o entire distance range, and sate pulses can be matched 
wi c upon arrival of the tarzet pulse 


GSsesses 


ny TO (the whe - | 
- ica Maga comparator and intesrator Circuits the target | 
DULse Cox urOls 51 3 4-4 - : ao 
. | trois the duration of the variable delay phantastron 
rhe ES ya nHrw. SA oer . ‘ a : 
pusse «xecping the sate pulses automatically in the st it : 
. ih lan . wiyss wpe in 7 . ~ . : ? 
balance with regard to itsel? (the ao > hina es | 
+ NC So=calledg target tracking). 
AHO PULSe OF The trnal ny 
: : ‘G wrooked target and the selecting pulse 
awe anal nA + Pact ales * . 
are &bpiicd to the coineidence stare . | 
ig 
i 
| 


vee NOAMSLCONeG stace allows the tracked ‘ 


re ce 
- 4 


. , 
. varcet pulse to 
enh the selector channel, 


preventing the passage of 
| Mac pulse scleected is 
cathode followers is furnished to 


and [-10). 


het 
i 
03 
03 
Pe 
5 
rH 
wy 


aes fre op 
all pulses trom the other tarrets 
ay W) ¢ 
ampliried end throuch the | 


Ar ent 


the externcl circuits Se 
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Deseription or_ schematic diagram of ynit 
(Fig.59) 
(2) Lock unit 


4 7. — - - - we at on 4 tell ‘eet anes mes ' aw ; at 


: The crystal oscillator (Fig.60) employs valve 6H8c (JI7-1)s 
the orystal is conncetcd between the grid and cathode of the 
Ivolve. | 

To obtain generation the circuit in the anode is tuncd 
40 a frequency higher than that of the erystel plate (@ crystcl- 
60 Ke/s). 
During tunctioning of the crystal oscillator, the grid of 


Crys val osScillater and pulze Ke mera Or 





te ee mepertaer rm 
itt Sy teow 










“ See 
eae 


valve jiv-l is kept at a great negative bias duc to which the 
Fenodc currcnt flows not continuously, but pulsewise. 
The anode current pulscs are passcd through transformer 
Tp7—1 winding and develop a voltage across it (Scc Fig.61) 
| synchronizing the blocking oscillator (utilizes the right 
| portion of valve Ji7-1). 
: Functioning of the blocking oscillator is illustrated in 
| Pig.62. When the anode current passes through the transformer, 
Pa positive voltage is induced on the grid causing the anode 
; current to rise. 

The grid current flowing through resistor R creates a 
} Voltage of the opposite polarity and charges capacitor C. 
When the anode current stops rising, the grid voltage is : 
not induced. The valve is driven sharply to cut-off by the oe 
‘Negative voltage across the capacitor, and the latter starts i 
| discharging through resistor R. Damped oscil illations are excited 
| in the anode, and pointed peaky pulses are produced at the 
ae (soint Aye 
the pulse generator of unit 7 functions in essentially a 
| the same way. 
. ! With the vositive voltage at the grid of the righs portion 
ot valve W-1, capacitor 07-104 acquires o charges Tne capa~ 
citor discharzes through resistor R7-106- | 

The output negative pulses having a irequency OL 00 GePede 





“PC vaken from wesistor R7-l04. } c 
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Fre squency divider 


1 


The synchronizing pulses takon from resistor R7-104 are 
Puri nAeC- AG the cathode of the Lert: wortion of valve j17-2. 

This stage (Pig.63),which is actually a blocking 
oscillator, is intended for dividing 
Givider). 


The functioning of the blocking oscillator 
+o that of the pulse 


frecuency (lst frequency 





is analoscus 


generator, the difference being that 
time constant of the circuit (77-408, T7-107. B7+108) ts * aproxine: 


ae ae 4 u be ah Et 


three times as large as the time constant of the 
circuit. 


ba aa” 
i a 





am, ote a. 
yulse pocnoravor 


g3 


Owing to this the blocking oscillator is triggered only | 
by the fourth pulse furnished by the nulse generator, gince 


and 3ra in Fig.64) fail to 
recuction time or the capacitor. 
Treqicncy: cavider. (322): 
varying the circuit time 
Obtaining stutle Civigion. 


certain synchronizing pulses (end 
open the valve during the charge 

Thus, the circuit acts as a 
Potentioncver R7+-107 is uscd for 
constant, which is necessary for 


Tne output negative pulses arc taken from resistor R7-110- 
and furnished to cathode 2 of 


tL 


the freouency divider (rien 

portion of valve JI7-2) whose division ratio igs 4:1 
Poventiometer R7-115 is used for varying the time 

constant of the circuit (C7-114, R7-116, R7-115). 

123 ara negative pulses going to 

cathode 3 of the frequency divider (lett 

7-3) whose division retic ta 4:1, 


Falken fron resistor R7-- 


portion of valve 


et e hs 
The vime constant of the circuit (C7-116, R7-118, R7-117) i, 
Ss adjusted by potentiometer R7-117. The output sulses of 


requency 1, ulses per second era taken from resistor 


Q9w 120 (negative) a and fron civicer — Ri~124 Chositive). ey 
The stobility of the obtained pulse segue eney is rather high; 
for. the freoucney is crystal-controllead, | 


je 


“pms 


c 
bh 
oC 
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nodulation phantastron 


1 


sae 


_— 


crt 


ohne ee a pulses from the 3rd Swequeney divider ar 


<4 


Cc 


eee TE REM page, EET 
we LEY 


pas ged to the phantastron circuit 
The 2 eamadbial LS 8 ees oF the cathodce~-counrled 


multivibrater which employs a multigrid valve - ventagrid 
pOA7 instead of two valves. 
Mhe simpligicd circuit of the phantastron is shovn in 
pige65, and characteristic curves. oi PiGsco. 
Valve 6A7 can be considered as a pentode whose screen 
grid is substituted by the whole system rormed by % 


“ee 


rr 


2 & 


_ 
¢ 


G32 Gye 
The second and fourth grids arc coupled together 


~ 
wo 


are fed with a positive voltase and 2unction as a sereen cric. 
She voltage on arid Gy Th 


this gric. 


FAR SRE STOR Ee eee a AL Por NT LT, LE wore. ATT ease 


" 


may be higher ox Lover than that on 


‘the cathode; Tunetions as an oddcitional control 


8 


pue to provision of the serecn gric the verintion or the 
7 


volta age being applicd to grid Gr has e orfect on 


a 
the total amount of the cathode current of the valve which is 


Se BN OTA TE TA 


essentially the sum of the sanod 


= ok. ae ~ 4 

e current ond errrent ox the 
Set are re an ple Vay on 
the ii es Or “tals. VO 


2 tf FRAN er te oS “HO 
Ssorecn (wid? .nowever., PUSS SOVCIIS 1c 
current distribution bettie 

I? the voltage wt pris SG hac « larse negative magnituce 


toe 


yo eps 
‘ 2 ty 1 * 


ae 
Cc 
r+ 
© 
as 
4 
© 
o 
O 
rs 
i 
Lan 
-t 
tS 
Oo 
v2 
O 
3 
G 
C> 
‘ 


p Z pa . a 5 ee taey sa : a so Jets ~ wey a> 

with respect te cathode, the clectrons icovang wie cetnoue 
. P 2 ae yo s AT Fry AEN EE ESS FY A 1 Ge a 

| fare not able to »wase the prid; for this reason o.i tae 


: 2. x ¢ 
enode current 13 


~ ’ 
ot. aq arg poe. we Bena ee A Ba HUN OES ee? white. 
| : electrons ara Givectvscdad to the screen, an. Gike 
i = 5 2 4 TEN ee SVMePOnL SES 2 
! 7 Dlocked e PC ae O a. ae on c3 ae t '<: on poe Ga eis a \ wa tl a ek ou ow Now tae Cel 
. a ¢ 


A ‘ ae ee aes ‘Sane oo) . tn tne Serecn | 
the anode ourriwt sl 2a eorrcsyvonaing ceercase Lt 7 


Url even oy 
| Tn grid 3g. itself the current appesrs wnen its voltage 
| reaches tho enthode voltage. Tike the convrol grit oF & 
| pentodc, ie Ga. COAtTOLS tho, total of the anode current ana 
he sereen osié ourvont. Wid Gs functions normally os & 


- ~ 7 sf ” .# 4 
euppresscy cris. 
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Volare. vo Screcn: frac CoG 
divider R7-132, R7-133 (134). 

The current in the cathode cirevit of valve JI7-4 is to a 
great extent determined by the screen current. 


i is picked off voltare 


am amen, egerermmncnarmenarenaliens IN 


=. mee man 


meme ae ae mE et 


fae, gk et ena ee 


f£ voltage drop of about +46 V oocurs across resistor 
: R7-130. A voltage divider formed by resistors R7+128, R7-129 
7 fecds grid Eo a bias of about +25 V with respect to 
a earth. Thus the bias sct up on erid Gg is -15 V with respect 
to cathode and its magnitude is large enough to drive the 
valve 10 cnt<o27. 

This steady initial statc is illustrated in Pig. 66 
stage Vi. 


an 
LL 


The stage is characterized by that the anode current is 


ae 

blocked with the potential at grid ¢ » anc tne screen grid | oe 
. +. wer Soas, i. : " , * ~ 

curreny is controlled with the potential at grid G,+« Due to 

a large value of rcsistor R7-131 the anode currents ig 


maintained at a level pre-set by potentiomoter R7-126, . 


through a diode (right portion of valve It?~-3). 


nn ee EG Poel ee ee Nm os eo 


| ne cathoce voltage of this diode ig actually the control 
voltage of the phantasttron. 


Crag. G, 16 connected to the +300-V supply through resistor 
R7-132@ and it is kept at sero bies wit 


h respect to cathode 
Capacitor Cz is charrecd +o 


whe control voltage minus the 


i ee eee ae pee cr me ert 


initial voltare on srid'c, 


ode J?-3 is furnished with a negative 
2 UNE BPG Lrequeney divider. In this case, the cathode 


morc negative reletive to anode, causing the 


anode curren. in tne diode to inercase. This current while 
PT ayes ryre top Sopies omnes “ : 
SAOWAN thecurn resistor R7-131 develops a voltage drop across 
it. | { 
hog as Se EN who whe e 5 ‘ : 
. - ikeo wi ao: ory a Aa > L i eye A ¥ 7 nm ; x mr 4 . oto 
tae ‘ h AOU VO & VAC OL the Aan: [Sastron de sopeastt: ae 


%.50 Communicated to grid a, via capacitor 
iE oh 


ee Wrheion os TO] VOR raya wn a 

wes 4 yeeeeta ga wb h ee LV has Feoncve uiLon C7 the eur» ae * 1 

ca sue me e arm) * my a 

ht Biot ia et a nde pet 2ent Llowing through i 

, | cacnode resistor N7-130. Che pos : 


tive potential on the cathode 


dcevanses, wreich Llowcrs the bins og id iG 
g, wHnG dias on grid G, and gives start 
Od 
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ee ag te Boag | heer Fact 
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tea the Plow of the anode current (Fig.66, stage I). 
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Capocitor Cg has no time to discharge materially throu 


Qn 
oe WA {i 


 posistor 7-135. The cathode voltage becomcs so low that aaa 


docs not prevent the passage of the anode current. The 


EG | vent. 
Seyration or the ea ctove-mentioned stage I is approximately 4 


FH microsecs. 


The next stage of phantastron operation is charactcrized 


a. 


Eby the voltage dropping on the anode ina lineer manner. TAc 


J 


“negative feedback through capacitor Cg ensures the constant 
Yrate ot voltage variations. 


This cives start to discharge of capacitor Cg chargec oo 
“ho control voltage Getermined by the position of potentiowever 
17-126 slider, minus the inital voltage on grid G,. 

There is no current in the circuit o: gria CG, and its no- 


it tential sterts rising to +300 V. The anode current and the 
' potential of screen grid G,, “G) increase. The resultant anodc 
! voltage drop is supplied i orid Gy s tnoereby preventing the 


rise of its vositive voltagc. 


That is the result of the feedback effect. The voltages 


on the anode and serecn grid drop so that the anodc current 
'ecases to increase when the positive voltage rises on the gride 


The time of the linear voltage drop is proportional to 
the control voltege set by potentiometer R7-126. 
In the next cycle (stage IIT; Piz.e66) there is no Yecd~ 
back, the anode voltage rises slightly. - 
The voltage on control gric G, 2 sses tending to reach the 


Caen he 
i TAG “vLime stant cz 
plus G+) of high voltage according to the time cons 


: ec ront inerease 
Ce Re, the ecashode voltage and screen gria curren LnGx a 
‘4 <a mye ley SDV TIA ne 
Due to a voltage drop on the sevcen grid; the anode curren 
| - +hea r au tin 
would have to riscs ut the rise or the curren flowing 1 


‘ ATA a TG Tt Las on | 
through resistor R7-130 causes an increase of the Bias a 


; s LRN BHO? roONnt and tne 
grid Gge This prevents inercase or the anode cul ? 


EOO ° 


tw 


cnouc voltage rises continuously. | 
® = oteda os] “4 een 2UTrTrexyt 
At last the cnthode voltage so rises that whe anouec © 
is clipped by the bias on grid Gz. This process lusus 
165 microgecs, 


nbpout 
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When the anode current is clipped and the voltage on +y 
reen grid drops, the blocking oscillator gets excited, the 
ocking oscillator uses valve Jl7+5 (rhe ight portion of the yalys 
The voltage rise on grid G, is bac 
node voltarec,. 


ed by the rise of the 
Wie SCVecn -2YId voltace drops ranidly dic. to 
the inorcase in the prid current. 

Thea rave at which the anode voltage rises is devernined 
by the rate of fall of the nnode current 


depending on the bices 
at Ga and RC time constant (Pig.66). 


| The voltage on the sereen grid drovs to such @ Gurree at 
which its curront ceascs to grow as the bias on gric oe 


deareases 


Bbetore the vphauntastron comes back to the initial stage 


7 a A 
| aqiscussec sbove, the following vhcnomensa take place in it. 


The anode “mltage rises as high as the control voltage. 
Capacitor Ce charges to the 
| voltagc rises with the RC time congstans tending to rcach the 

| plus ov high voltage. As the anode voltage rises, the voltage 
ACrOssS capacitor Cer rises too, 


Lt 


Same voltage magnitude. The anode 


The anode voltage rises until 
is clio.ed by the diode. It rensins constant beforc 
Ot “the. NCrtT “trizeer tunlee; 


i 

i 
The considercd process results in the moment of = 

| 


arrival 


of the blocking oscillator, 


utilizing the vight portion of 

«¥ i 

valve H?-5, being vimc-dclayed with respect to the triggs 
pulse arriving from the 3rd dividers The amount of delay 


depends unon the control voltage, 


ine momeny of operation of the blocking oscillator 
ms, apn las a SIAR Re s a “ 

detecrmincs ws oe OL "Exo Shaping process or all 
eynchronizing puiscs produced by the unit. 
ee fy f ve ay ey ms 

viv “NG Constant magnitude of the vhantastron control 


voltasc, “hc sinchvonizine nv 
OLtarc C chvonieine nulses arto displaccd by the anount 
O7 coe produced by tho shantes ‘ 
: vy thea phantastron, but their ropetition 
> freaucney reomaing counl to the 


?roqueney Or the 
the Grd divridor. j 


pulscs of 
, thete NA PUlSuS new 


Bccond, 
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To obtain frcqueneyvy modulation 
Sameoidal voltage of D eo.pes, 


voltagc is 


CDSs 


wy, eee ee ee aa eo 


“acferoncc voltage generator or fron 
c indication 


When act 


30urs Units. 


ed on by the control volterc vary 





(wobbulation), a 
r from 


tHC 


a 


Lue e; ee 
“ne dela ny produced by the phantastron varicgs sinusoidally, 


due to which the interval bctwecn thc agjacent 


increases or decreases. 


This variation of the interval ig 


ane Sin: -C2nNt )\. 

i The ratio of maximum frequcney 
Spence Ny ls cailed the 

‘Us ng potentiometcr R7~007 loes 

tt allows any freaucnecy deviation 


pthe modulating voltage changes from 





Ee re ee aoe ee , * Sa TaN CO eae, aoe rT 
hat aie : : = 


La ore So eee 
ey Planet C a ths 22 teat ie 


TOelatsve Treouc 


po 

z 

ie 

ae 

ES 

fe 

bo aa 

fi 

P noduln wtion in the course of which frequency 
i. 

F 

H ted on 
ne 


In the course of frequency modula TLONs 


pulses 


antamount 
Na: ECOGIVCS 


te 
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ltcrnating 
, frequeney taken from notentiomoter 
“7-007 slidcr is superimposed on the constany control voltage 

applied to the potentiome- 


the RC ose 


sinusoidally 


tOOs 


to alae 


Ce). 


bie 


Wave Pi BO. Te 2: 


cit “eae 


, 
SOR Re Tye 
ce Sh Noy MGS 


pero. tO. manu Clee. Fox 


the half-cyele of the modulating VOLTIES )y. Crery Tol lowing 
bpalse | s displaced with respeet to the »mreceecing onc. The tota 
be 5) * “ » oi - 
~vime displacemcnt Te OF “URC (PULSE 2h PCS Clon is 10a sesition 
bis detorminad , whe GOSGNCC OL MOoculsuiGN, Dy “cCxpressicn 

" t a 

m ee Ls 

: ‘The cisnlacement cf pulscs is the result of variation 
TO AR ee Se ae , , oe PA ERS 
ore IC Golay jvoedneed by the: phantostron, oving tc whien the 
jlinear section of the phantastron (unit J7) oxcecds two t, 
yMicrosea, cond the initial control veltagse of the phentastron 
. Hovides for operation on the lincar portion of the charoete= 
. > Tis ~ ic CuUuLlryo (Ti. © 67 ye 

i e 

by recqueney divicer 2:1 

e 4 : 

B in ae ce mode relay P7-1 is causea to onerate (Sec 
rt A, gaa et Z 

i sae SCACIIATT Le a ee lagram ). 

iid 
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en ee tee 


| 
| 
The relay operates when the radar is on and switch RANGE, 
: | | KM. CIANBHOCTL B KM ) is set at 200 km. In this case, the 
| phantastron and difference amplifier utilizing the left ! | 
portion of valve JI7-5 are disconnected. | - 
The syr.chronizing pulses from the 3ra divider picked off 
resistor R7-123 are furnished through capacitor C7-118 and the 
relay contacts to the control grid of the blocking oscillator; | 
the time constant of the blocking oscillotor time-setting 
Circuit increases, for resistor R7-137 (750 kilohms) is Lo 
connected in place of gridleak R7-136 (30 kilohms). 
In this condition the blocking oscillator functions as a 
freauency divider @:l. Hence the frequency of all the 


syunchroni-. 
zing pulses produced by the unit equals no pulses per 


second, 


Output cathode follower of 


| 
. TCS CLrCult _K-1 | 
| : he positive pulse is fed from the 3rd winding of the 


pulse transformer to the grid of the cathode follower (left 


| portion of valve JI7-6, type 6H8C) through coupling capacitor 
| C7-129 (See Pig.68). 

_ From resistor R7-146, connected into the cathode of 
valve JI7-6 is taken K-l test pulse (moment %, of time-relation- 
ship diagran, Fig.9). 

| The pulse is supplied to 
of the connector. 


ria 


the external circuit via prong l 


To reduce the quiescent current the valve cathode contains 


gelf-bias circuit consisting of resistor R7~147 shunted by f 
capacitor C7-131 (the circuit contains several omthode 


"y 
= 


Pollowers : 

connected similarly). | | i 

Q-uicroseg fixed delay multivibrator . 

fo nompensave Zor initial dolsys in the selector which i 

total to abons 90 microsecs, some lock unit pulses (the | : 

suppressor and swoen trigcer pulse, transmitter vel gger pulse) | 

are dg@iovcu by 90 microsoas, too, | 
Gru geley is etfected by the : 


multiivibrator (Pig.69). 


| 
: 
4 
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Se 
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mhe multivibrator employs valve JI7-7 and is actually a 
pornal enthode~coupled multivibrator. 


Tee warrant 
7 | 


— a The left portion of the valve 1s normally cut off by a 
‘large negative bias formed by the voltage drop across common 


; [ 
atnode resistor R7-152 when it carries the current of the bs 
right portion of valve JI7-7. 


re 


Sa. Paws ow 


"he multivibrator is triggered through a buffer amplifier 7 
right portion of valve 7-6), The amplifier grid is fed wita 
o trigger pulse (moment ta Pig.69). Across the anode resistor 
ws 


teommon for the left portion of valve W727: ome. 
ot welve ii7=° is Ceveloped a negetive pulse, th 
othe gric of te right poritor of. veicve «GED 
bot e436. oe rent stops 

Y flowing aa the rignt portion of the multivibreator, and 


So ae met nD Re eae ai es une ENess ee ie 


t 4 
Es 
2 
oe Nf 


we « 


oY 5. 4 
ght portion 
aSGes: 7-0 

PECL Cr 


q 


Oo ¢F 
Ww 


" U} 


t 


“ 
4 


ee eg 





Se "i Rae Kime preps eee 


a 
* 


Sich a condition lasts until capacitor C7~-138 is charged 
| through registors R7-156, 157 to a magnitude sufficient tor 
: riving the right portion of the mnultivibroetor valve into 


owe 


ee 


ls fe 
( now the Left portion is under current (turn-over process ). 
E 

i 


oO 


onduction. 

The circuit returns to the initial stave. 

Across the anode load of the multivibrator are squared 
the pulses whose duration moy be adjusted by means of resistor 
R7~156. | 

The positive square pulse of 90 microsecs is furnished 
from the anode of the right.portion of the multivibrator 
valve to winding J of pulse transformer Tn7~6, connected into 
»the anode of the biased blocking oscillasor using the left - 
' portion of valve J/-&.. e% 
AS a result of the existent , niaaneane two pulses 
, are formed across the pulse transformer winding positive, 
| corresponding to the leading edge or the pulse, ‘ee negative, | a 
| corresponding to itg trailing edge (Fig.70). The pulses oe 7 
» OP the reversed polarity across the winding connected into the a 
Perid-Cireus ts _ 
: - The firs $, 1e@. negative pulse has no a ma ae i 
valve, the second - positive pulse makes it conducting: nee 





tore 

Wrest 7 oe 
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causing operation of the blocking oscillato 


eee ue sparennee teen wiime ste fam eet ie ge 2 
. a re sing 


The moment of operation of the blocking oscillator appears 


to be delayed by 90 microsees relative to the trigger of the 
multivibravor,. 


: umes sae velar a 
ae be Ame te 
perenein, «soem: pin inenar csameamar rae EFS 
eee ee I ENTE 
pa NE * 


When relay P7-3 is deenergized, the multivibrator is 
isolated from the circuit and the blocking oscillator is 
caused to operate by the multivibrator trigger pulse. | 

The positive pulse from the 3rd winding of pulse transforne 


Tp7-6 via capacitor C7-149 is applied to the grid of the cathode: 
follower (the left portion of valve JI7-9). 


FS NE OO ce 


emer gestern ot 7 
* . ~ 


twee ee Oy Ow 

aan or . om 
OR em 
. os : - we . 1 


The suppressor and 
sweep positive trigger pulse are taken from the cathode load. 


pee ee hI en teat aiid 
ee a nN 


The pulse is furnished to the external circuits through prong 3 
in the connector. 


{ . Besides, the suppressor and sween trigger pulse is coupled 

2 | to delay lino Z7-1. 

{ | . Yo climinate reflection of the pulse from the end of the - 

| delay line, matching resistor R7~169 is connected to the oxit o 
| of the line. The delayed pulse is passed to the grid of the | Is 
2 cathode follower (right portion of valve 7-9) 

| . . fhe trigger pulse of the + 


bransmitter-rceceiver unit is 7 ne 
taken from cathode load R7~-168, | a7 


| 7 The pulse is passed to the external circuit through prong & | 
| of the connector. 


Due to provision of the dclay line the trigger pulse of | - 
the transmittor-recciver unit is l microseo, late relative to | - 


the suppressor trigger pulse. 


anc swoeen 


wer 


je leay Ling 


fo 


b # : Beluy line “27-1 consists of three sectlons.e Bach section is e 
| ‘ ' gotuelly a single-layer coil wound on a portinex bar. The coil vs ie 
| | 4Anductance in 220 Uie The coil is cnclosecd in an ocarthed . : | a 
screened cylinder, The coil capacity with wespect to the pe 
sercen (C550 pP)is distributed evenly over the entire Longth | ee 
' | of the coil. | 
| One scetion of the tine dclays the signal by the time equal | fy 
40%, \'20C = 0,35 microaec. 
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: The delay line consists 
Pthe +otal delay or the pulse 
Toaded by res? pence R cqual 
A.Ce, Rap = +620 ohms. 








Pe 


two sections ¢= 


" At time moment +, (See 
‘pelea iersen dh ota 


2 Be 
Pe 
oe 


E 


p being invariable. 


é 


fhe control voltage is 
integrator (See below). 


Valves. 
: : One of them (left portion ot 
:  Tollower which serves 


the interval between the 


QU 


; Up at best 60 per cent oF 


a> 
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Sneed eau 
a mhe duration of the phantastron pulse can be varied by 


Foe « atianl over the entire range banc, 


Hand furnished to the cathode 
a (right portion of valve J[7-24, type 6H9C). 


: ‘The variable-delay phantastron. (Pig.70) wiilise 
a CAT ( JI?-25). The phantastron circuit contains 


( phantastron anode voltage. This is 
p portion of the anode voltsace 


) cirauit devoid of the additional valve vhe linear 


TO 


-~ 109 o 


of three sceetions, consequently, 
is 1.05 microsecs. The delay line 
to its characteristic impedance, 


‘ } ‘Notes ee line Z7-3 used in the unit is Seaes cd of 


0.7 microsec,), and 27-2 of one 


scetion (%=0.35 microses).. 
(o>) Selector 


Time Relationships, FPig.9) the 


triggered. 


 neans of external controls or, in case ov automatic tracking, 


their mutusl delays 


Range phantastron | 


The negative trigger pulse is taken irom resistor R7-1l4e 


circuit of the phantastron diode 


applied from ‘the circuits of the end 


a 
Os 


nentacrid 
tyo additional 


alve Ji7-24) is a cathode 


+o reduce the rostoration time of the 


necessary because the Lincar . 
drop must make up about 90 per cent 
PULSCs » whereas in the 

portion makes 


ct 
ics 


trige 


interval (See Fice71)- 
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| 
| 
| : The other additional valve of the phantastron (left por. | 
| tion of valve Ji7-23) clamps the initial voltage on the lst grig , 
of the phantastron, owing to which stabilizavion of the 
: ; phantastron pulse duration is achieved at fluctuations of the 
, _— feeding voltares. 





The pulse from the sereen grid of pentagrid 6A7 is differg: 


'. . ated by circuit 07-314 and R7-323 and anplitied by the right 
oe 3 portion of valve JI?7-23 (Gu9C), The amplified positive pulse 
corresponding to the trailing cdge of the phantastron pulse 

(See Pig.72) triggers the blocking 


oscillator utilizing the 
left portion of valve JI7-22 (OREO Gy. 


Bloc ching oscillator 


: The right portion of valve JI7--22 (SH8C) is a trigger 
3 - 1 amplifier (Sce the schematic diagram). The blocking oscillator 
ie Oo ie sseah on account of the anode load common for the 
a | | . amplifier and blocking oscillator valve which is the winding of 
ay ulse transformer Tp7-8. From the third winding of blocking 
; gy oscillator pulse transformer To97-S the positive pulse is 

i Fe | passed to the gvid of the cathode follower employing the left 
| ae _. portion of velve JI?-20 (6H8C). The positive trigger pulse of 
a 2 the tracking indicator ig taken from resistor R7-302 of the 
| cathoce follower, 


This pulse is 


ae 


= fe ae ee ee 
Ne ‘ome - ve 


furnished to the external etrouit through. 
prong 12 of the connector, 


cepa ae et 
PaaS ES tom 


IMitivibratvor 
fHne. DLoOckwine osc Ly 
comnected into the ea: 


Swe 


avor pulse taken from resistor R7-316 


wthode of the blocking oscillator starts 
the multivibrator fia the schematic diagre mM). 


—— | The curation of the 


multivibis 
-_ | potentiometer R7~-309 


stor pulse is set by 
and ecuals 34 


Microsecs. 
“he Dlocxing oselllator emplovine tho risht portion of 
valve jI7-13 (Sec the schematie diagram) 1s triceeree by the trate 
” 7. wt * = . 
ing edge or the multivibrator pulse 
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| ff phe moment the blocking oscillator is caused to operate is 


 aolayed by 34 microsecs with respect to the trigger pulse of 
“the multivibrator. | 

‘ from winding III of transformer Tp7-10 the pulse of 
o-nicrosec, duration is passed to the strobe pulse shaping 
a re (See below Seloction of Target Pulse’). 


ree nee - wre 
eee o : 





a ‘ 
; oo : Gate pulse generator 
a , 
o ca The positive pulse from resistor R7-275 is coupled to 
i “winding I of pulse transformer tp?-7 (See Pig.73) through 
S % MM 
a eeapacitor C7- 3046 | 
/ ie This pulse starts the biased blocking oscillator using the 
: ey 
7 : ei ieht portion of valve JIlv-20. 
- 2 Connected into the blocking oscillator cathode are delpy 
lines Z7-2 and 27-3 loaded by matching resistors R?-272, 
a R7- 223. From the input and output of the delay line (27-3) are 
—_ vtaken Ist and 2nd cate pulses respective and communicated to 
= the comparator circuit. ' 
- cf From the output of delay line 27-2 the pulse is furnished 
4 > rs > WV- ape the 
[ ike the grid of the first portion of valve J?-12 to Shap : 
) : ‘range marker. 
| 4 Comparator 
4 The comparator circuit comprises two coincidence valves 
; ‘4 
| peas tagrids 6A7 
i a x + SAAT C = U Le > 
4 The coincidence valves are representcd by pentagrics 
Po (valves W-14 and j7-15). a heh ae 
ES o A with the 1st gave 
a a Thc control grid of valve W7-15 is rea me ne quan 
ey wns f es ae t 1 ay 
i a frulse, and the control grid of valve W145 ee eceeest 
- ue nLorosceG, WL Ce 
._ ) pulse, the latter being delayed by 0.7 micro : 7 
| a the Ist pulse. eS aceasta 
e Pho heterodyne grids of these VoLyYes coupled woge oe 
7 ue : reecive 
= Supplied with video EL eS of the circuits from the 
, output. 
| : oe caann a Ghode Cleft portion of 
H The comparator circuits combains a & 
; be ‘ 
LS 
f< a 
bs 
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- a valve JI7-16) designed for D.C. restoration of the video puige 
| . | and noise atter coupling capacitor (7-216, 
| : Valves JT?7-14 and Jf7-15 are cut-off on both grias and 
are triggered only when the pulses applicd to the control 
and hetcroadyne erids coincide. 
_ The amplitude and duration of the coincidence pulses 
| - | developed on the anode loads of the pentagrids grow as the 
\ | degree of coincidence of the pulses arriving at the control 
and heterodyne grids of the valves increases, 
If the lst gate pulse coincides with the target ccho, 

the current in the circuit of valve JI7+15 is prevalent, and 

ig the end gate pulse, the current in the circuit of valve 


N?-14 (Sec Pig.75), When the gate pulses are in symmetry with 
| the circuit pulsc, the current in both valve circuits are 
1 ae A coual. 


| in order to balance the comparator oircuit variable 
| dis 

| csistor R7-001 is connectcd into the cathode of one of the 
ives. This resistor is located on the front panel of the unit. 


Coingidencs pulse amnlifier 


| 3 The coincidence pulses (See Fig.76) are furnished +o 

| the single-stage omplifiers (valve J7-17, 6H9C). The positive | 
pulses from the anode load resistors R7-242 ane R7—-245 are. 

! , oF passed to the lst integrator circuit, 


r ist iniceratoy (chaxse-digcharre yalve) 
} . 


The isv invegrator employs tivo portions of valve JI7-18 ; 
(GH9C) cach of which is out. off on the grid and opens for a tine: 


depending upon the duration of the pulse arriving from the 
coincidence pulse amplifiers, 

The Loac of valve [7-18 is a filtor for mead by C7224 and 
R7-251. | 


7 
| 


As the. diagran (Fig.76) shows, Opening of the right 
trigde of valve M-18 is accompanicd by the charge of capacitor 
C7224, ana opening of the loft triode, by the capacitor 

nae baeee 


2 


| 
| 
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Iv the grica of the trioce is sunplicc with nvlses of 

Fouel amplitude and duration, the charge anc discharge currents 

poe equa $00, and the voltage asorogss the capsecitor is 
“cpt invariable. This corresponds to the case when the balanced 

ea es 45 fod with the recciver noise voltage or « pulse 

proturned from the targct whose relative snecd is acro. 

Tf the a speed is other than zero, a stace or 

“unbalance occurs the comparator, and depending upon the 

Neirection of the eae flight whe charge or gqlecharec 

f ourrent prevails in the integrator circult. In this case, & 

Rnogative or positive voltage proportional to the tarrot snecd 

Esottles 2 across capacitor C7-224. 

BY means of the relay contacts RedLuLonsl cavscLter 





Eo7- 225, whose function will be oxplaince below, may bc connected 
fo the filter via resistor R7-252. 


Catno te ic sLlowex 


The voltage from the actector tditer is applied to whe 


Ecrid of the cathode follower enploying the leit portion of 

Esralve Wi?7-19 (GHEC). 

: “mhe cathode load of the valve is “ormcd by three voltage 

Ecividers: R7~254, 255, R7-256, 257 and R7-25€, 002. 

: Brom Givider R7+254 and R7-255 conncetca into the ceenne 

circuit of valvceJ7-19 a negative bias is taken to the grid o: 

bine right portion of charge-discharge valve JI7-18-6 

Owings to this conncetion, whe grid poventlel o2 valve 

A 7-18 remains approximately constany wivh resp nect to its 

f cathode duspite the cathoce sels verying in magnivude ond 

‘polarity. . 
The amo of divider n7-256, 27-257 are se chosen thay 

| the voltugc ab the point wherc the sbove vogistors ure conncoted 

 cousie4 thet on the grid of the eathoce follower (see Plargcs 

ohi pies | 

¢ composcda of potentionct OL 


ks 


The thire voltage divides. 


7s rm CO t 
27-002 INPUGRATOR BALANCE CBAARC MNTEPPATOPA On the tron 


ob- sf % 
: mon the potentiometer 
STonel of she unit) and resistor R7-2 5G. From th 


cr Sp 5 vr toes oe: OZ Crh ak Gl is 
Pts ies “ro |. GARG repeating ch TOLLS Oz U 
applicd te she gscoond intcpravore 
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mhe Puc antiearetar (See IMz.77) conloying velve Jo=36 
° 4 4 
u 


i: 
(6:8) is aostueally a voltage negative fccdback emplificr, | 
EAC occ D | 3 

* | - 7-28 (GXS).to its control grid threugh intcgrating capacitor | cs 
eS) 6 Beste. | | | . oe 
“when the D.C, control voltage is epplicd to ” 


eve. O the 
intcgrator input (i.c. to the control grid of valve JI7-28 
ae 


through R7=-347) the voltsge on the enodc of valve Ji7-23 -~rarics a. 
Linco ly | 


 VOLGSEU TS 20D 


So 
i 
oO 
oy 


ica ®rom the anode c? valve 


ae 


UC BeCCunesn 01 See VOLteee Vert ion: bm Unc Bnoec: a6 Se 

| ao 
proporticna. to vic magnitude of the input voltag:. Depending Le 
upon the magnitude and polarity of the input volt 


Oo 


ase the anode | 

voltage may vary toword increase or dcercasc. a 

\ -, | THs. Ligne Vortion or valve 17227 (CHSC) serves to | no 

cstabolish fccdback that inercascs 
a 


wt: Aircceravor. Linearivy « ae 
‘he 2cedback volt 


| 2c schomatic gk 
The IneeGeraotor CircuLt sre 

Limiting of the ronge VOLIAEG bY the diode 
portion cf valve /17-16 (6x6) for 
voltag:, the rirht 


<t 
je 
Qs 
O 
t) 
bb 
QO 
K 
ze) 
t 
rs 
a 
3 
B 
9 
rs 
fs 
ry 
chk FY 


POrtion of valve. J7<16 eae for minimun 
¥ | limiting of the anede voltage, and both bortions of valve 


W?—26 (GxG) for grid limiting in 





moaxinum and minimum (Sce pigel 
sacar from the tracking to scereh condition 


ut re 
| ee Bea wae 


: 


causes Sac relay (P7-1) in unit T+? to onovate. This changes 
Jo | | se eeaeaa.. paah 
. VOR Se | 2 On Givider R7=237, 12-238, n7-126 and R7=-239 


NO Gee VOLPE 62 
ion of valve W7-16), 


oh. 
Ve i 


co moaximum limiter (the right 


Hy 
a 


~~ 


| . : Das ClUSCS “Ver tien of thie Maver Limit o- 
“ve ey 


ahs 


the distance 
range in the tracking and scarch modes, potentiometer R7-126 
(MAXIMUM RANGE/ MAKCHMARSI 


di HAA TANBHOCTD is uscd to continuously 
control tne upper dimit of the Gistenec ve 


s * nm elovn: , cf 
COME dat the tracking 2 
“~ oe 
mOodle i 
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A 

A The voltage on the ancde of valve JI?7-28 (RANGE VOLTAGE) 

Ms repeated by the cathode follower employing the loft portion 

r: 


iof valve JI7-27 (6H8C) and via resistor R7-325 it is fed to the 
pathodd of diode JI7-24 through which the vhantastron-is started, 
sontrolling the duration of the phantastron pulse. 

‘AS a result, a follow up system is formed. 


‘ 


— 


LUTON atic targ t tracking 


‘in an ce —_— ee ce ee 


VFL FO I TE - eI TT = a “2 = 
deg Marae ee a ete ae re ar en 





q The follow uv system is in the state of equilibrium when 
the video pulse from the target is In symmetry with the rte 
‘pulses. In this case the coincidence pulscs in both arms of the 
Pood ncidence circuit are identical, thecharse and discharge 
jourrents of the filter are equal; the control voltage being 

FE 


pinpressed on the end integrator corresponds to sero speed and 


PT 


‘the range voltage is constant. 







; Variation of the video pulse delay causes a respective 
unbalance in the comparator. This results in the output voltage 
‘of the integrator and phantastron delay varying in such a 
manner that the range pulses "follow the target pulsc. 

With relay P7-2 (FPig.76) energized, the system possesses 
memory" in speed, for when the target signal fadcs out, the 
range pulses go on moving in the same dircction ena at 
approximately the same speed. . 

! The speed ‘memory of the system is ensurcda by 2 substantial 
Et ine constant of the filter and by provision of the end . 
Fintegrator,. 
| when the targct signal disappears the total charge and 

ere charge current of the filter througys VALVE ‘Ip-18 equals zero 
fend the voltage across the filter decrcascs with the time constant | 
fog the filter. In the consequence of this action the rate of 
change of the integrator voltage (range voltage) decreases 
constant tly, too, but with a short -time fading of the signal 
from ‘the target, the mismateh botween the vate pulses and the 


af 


= ’ ; wh iy € 
target echo ig slight and tracking in continued upor appearant 
41 
vi} 








wn 


@ signal returned from the targeate 
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| Target_search | 
| The targct search is carried out by feeding cathode 
| follower 77-19 with the "search voltage" from the control | 

via resistor R7-251 and contact one 
| | | a s l and 2 of 3 2 

. (rig.81), relay Pp7~2 

a In the search mode c 


. apacitor 07~225 is dige 
the filter by relay P7=2; ow 
This causes an abrupt reduction of the filter time 
constant, which becomes necessary for locking on the target 
vi DPS 


pulse with the assigned search Speed. 


O ai ake j Oss l , 
| adi C i Lble a sudd en ar - V 
To m ‘ _ S : change of the Olvaze secrosg 
= fil ter hen the relay LS changed over, which may result 
: | j : wey 
in st poping of tr acking, capacitor C7 =225 is connected tO the 


input | 
P7256, T7m057 Chowon eee cathode Follower, With divider 
C7225 renmeins approximately ot ee across cepacitor 


be ast 8 ine oeet amma enten e eee meeis ef Bowe Ge Ep em team 
=- ose . 8 . : : * = ae ete - 


Creel et eny Scerch speed, ei eEode eeReGr sor 


The target is furn 
coaxia 


Sat Ss 
~~ —» ‘am omen + See a= 


ished from unit 1 
1 cable 41 (see schematic dia 
+. 
If there are severn] targets, 
sclected for tracking. 


3 to unit IL-7 by 
gram). 

the unit allows one to be 
For this purpose 


for blocking the compara 


: the unit has provision 
ator to dron th 
be tracked, : : 


target which is not to 


Blocking is cffeeted by | 
& hs 2 : . chai — : ; 
divider in the oa / Chencing the parameters of the 


‘nodes of valves Iv—14 and L7~1 
the contacts +} oaayint -15 by opening 
eA Let US rou ees 
e34 in the tracking mode 
tion control markc RANGE 1 he component bart of the combine- 
: | Disconnection Re eee one control panel, Fig.81): 
increase of poe R234 4g accompanicd b gudaen 
‘ asa ee Voltare On the eo 7 : oe . 
thes +: Vw “ee YC Cathodes ov the 
9 Spek : in 
+ sank) Cc matched Wick 
ba bth IV ot} e : 
vs her target. . * 4 
PSot pulac | 


yt rar ~ ° “17 ? F 
deEM anc Lo function, 


ch which resistor pz. 
. ig eartede (The contnets are + 


tC sositive 
COMPaATraAtOr valves 


. =} ‘4 o yn 
ona the pate 


Saigetion of te 


¢ 
ad ene eee cay joel te nprs ae emer te ee te em oe erty enpcre  namme s ap . 
= = ‘ ne aes Sala 7 . ; saat ; 


TO nnke units JB, 
it is neccessary 
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to select the signal of the tracked target from all the targets, | 
Pnavithe oaneelled the remaining signals. | 
| | : Wish this purpose in viow unit J7 is provided with a sc-~ | 
Erector circuit (See Fig.79). | 
: Video pulses from the target are passed to the grid of 
F coincidence valve JI7-12 (% 6H8C) through divider R7-210 and 


This valve is driven to cut-off by the positive voltage 

fon account of the current of the open valve JI?-11 passing 

I through sommon cathode resistor R/7-207. 

During tracking of the target the cathode of valve W712 

lis uenished wish a strobe pulse opening the valve. This nulse 

Fis shaped as follows: | 

: A oulse from the 3rd winding of »ulsc transformer Tp7-10 

for the blocking oscillator employing the right jortion of valve 

I 13 (6H8C) is applied to the input of the amplifier (the left 

I triode of valve 37-13), the pulse being timc-coincident with 

Pthe Ist gate pulse. | 

7 From gnode load resistor R7-el9. a negative pulse is taken 

| to the grid of valve I-11. 

: This pulse $3 much in oxcess of the cut of? voltage or the 

'yolve which results in cutting offthe anode current of vaive 

7-11; | : 5 

| A square strobe pulse whose duration is approximatcly lee 

i mioronecs is shaped on the valve #/7-Le cathodc 

Duc to matching of the pulse trom the tz cue target and. 

| strobe pulse valve 7-12 opens and the sclcoetcd pulse passes 

| through the scleetor channel. - 

The remaining pulsce from the targevs ere not passed by 

the valve. 7 
After being amplificd in wn oe left tricde of eee Se 

CREE CS the spclected pulse is ene ty ectthade rollowcer See 

| From the output of the cathode follower the pulse ia conmun.oaie 


footed WOO J roy 
by ccaxinl cable 42 to ths AGG circuit of the add - 
aoe 5 stay ae tracking ‘un 
(unit JI3) and by coaxial cable 4& to the angle v1 6 


Cunit To). 


ta. 
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Via the cathode follower (the right 
the scleetcd pulse is furnished to prong 
and is applicd tounit IMM via the valve ond multicore cuble, 

The tnitial operating condition of the coincidenac 
valve is sct by means of potentiometer SELECTION LEVEL (YPORE 
CENEKT) (R?-270). 

Gontrol SELECTION AMPLIFICATION CYCWUTAT. CEIEKT. ) pr 
(R7-269) allows the amplification factor of the sclcetor to 
be Vario. Within a2. to: Lets 


portion of valve Ig 
4 of the connector 


Shaped in the unit is « range markcr intended yor 


procucing o bright spot on the indicator sercen (unit J5). 


ad ek. 
The range markcr is obtained by means of the lst gnic 


pulse dclaycd by 0.35 microscc. The pulse is furnishcd to the 7 
cathodc follower (the right portion of velve JI7-12, type 6H8C), : 
From the csthode follower output the pulse is taken to | 


the externel circuits (to unit J-4mM and 15) via prong 2 of the | 
conncetor,. | 


eee ation of unit m7 : | 
Operation of unit I? is 
) | combination control. 


controlled by mcans of a 
situntcd on the control vanel. This ts 
control which is nctuclly . yotentiometor structurally combinc: = 

with © sorice of switches allows all operations on target 
| sclection to be done (izg.81) 

7 a shitting the potcntiomctor slider permits changing of the 0 
dircetion and ascarch rote. The rate of sonych rises suddenly. | 
; when prcossing tho potentiometer knob to “whe stops, for this | a 
closus contacts 7, 8 or 9, 10 shunting the rcosistor 
° | sconrch voltage rises abruptly. | | 


- i 
\ 
| 


», and the 


Pas af 


4 5 


eee ie Terme mee 


wget has been locked on the potontiometer is 

| out to the mid position. In thig caSc, contacts 4, 6 close 
and th. "memory" relay 18 cnergizcd, The target is dropped by 
pushing the potentiometer knob and turning it clockwise or 
countcr-clockwisce Wnis opens contrete o 


€, 3 and drives the  . 


gre Re ie ot 


wg ckee waruttenaa Sled e A iatetha Sa 6 fe a aeanesem! 
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L comparator volves to cut-off; the gate pulses stop matching the 
fF sarpet pulse; the tracking of the given targct ccascs. : 

ee Tn once of tho positions of tho rango-gonle sclcotor 
“Aoonted on the control punci the winding of relay p7-1 is 

| moreised, the repetition frequency of the synchronizing 
“onises changes fron No pulscs per second to ny pulscs per sccond 
ond wobbulntion CcnsctSe 


The filament circuits of the unit arc sunplicd by 115 V, 


“400 CepeS. Via step-down transformer Tp7-9. 
: The snodc and bias circuits.arc fed by the rectificrs 
et 

“houscd in unit 4s. 


o The current drawn from the power supplics makes up: 
a tor voltage Oa LL5 V en sceesevaeceereecs 0.8 CO 0.95 A 
‘ for voltage of +300 V rege weaceceseeee 60 to 80 MA 


Hy Fb 


te ee 


£Oxr voltage © +300 V ewes vacseresevoese 60 ta 70 mA 


ee _ 
a 


< for voltage of -255 V esccccccecveevess © to 8 mA 
: for voltage of +27 Vi ceecescoeeceseecece 300 mA 

: 8. Refulatcd Rectizicr J18 - 

. Purpose 

: The regulated reetificr is dcsignea for fucding the 


Fe ; ie Aes wo sy Py naan ov + wd 
f anodc=sercen circuits and the bins circuits of the radar with 


. e =~ 4 rf 4 -/- - tr « 
f rectifica voltages of the following Pvoing’s: 


(a) regulated voltage of +300 Vat © Lond current of 180 MA; 
(b) voltage of +350 V ot a load curment of 130 mA; 


{c) voltage of +140 V at nm lond current of 240 mA; 
(a) voltnge of +2300 V at ao lond currcns of 450 MA;3 

wf Ay 4: 0 > Tee 
Gc) rotuletcd voltage of ~295 Vout on lona current G2 50 ma 


= ee & pe my t + 
"he Schomatic diagram of the unit is snowr in Ppig.83. 


ynit_desien eae 
Quad. Mn8=3 to 
Whore nrc thece transformer Tp8-1, Tnd-2, Tpa-3 


| a ee eae #0. anosrorncr 
| Scud the cnodc and filamcnt ofrouits of whe univ, tr 350 V 
: ‘ 7 fed wepe . Cts 42 
| P38] focdg the cnodce circuits of rootiiscrs: “300° Vi DUS, 


nnd 1“O Vo unrcge 
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: Transformer Tp8-2 fecds the a ; 4+300-V 
b | unregulated rectifior. 
Transvorucr Tn3-3 Pcods the anodc circuit of the 


reguletcd rect viticr, as well as the filament circuits of alj 
the unit volves. 


225.7 


. ete. gate semen me ete *S 
scene rs Tee tN ee A ae , 


= * All the trensformcera arc rated for operation on 115 y, 
oS 
. . 400 CeDeSe i 3 


4+300-V regule tod Teevis ice 


From the sccondary winding of trensformer 


alternating voltage is supplicd to kenotron JI8-1 (5 


reetifice voltxge is supplicd to the ovtput via the filter 
(C81, C82, [p8-2) and clectronic regulator (valves JI8- 


18-3, 6-4). The clectronic rcgulstor (Pig.82) consists of 
valve 8-2 (605¢) - regulating, velve Je&-4 (OA) ~ control, 
and voltage regulator 8-3 (CT3c), which 


sorves oS © source of 
ceferenec voltage for the eathode of valvc JI8-4 and for voltage 
dividcr RS-10, RS-11, R8~-12 (Mg.82). 

: | Resistors RO-7, R&-3 scrve 


the eee ee es Vell 


to Limit the current through 


ane A 
a ee re 


as 28 %O .ocd the screen grid of valve f 
| % Regulotor oncretion. Suppose the regpuletor output voltage | : 
a dnorcascs duc to 2 voltage rise at the invut ot | , 


} the reguintor . 
(or dcerense of the load current), o_ : : 


Divider R&-10, RS-11, R812 is so sclectca that the voltage Ege 
applica from it to the control grid of velve Ig 


is with the | i 
rent Saleen. erste <eaes 7 3 aes 
raved voltare ot the remilsator oucnut, somewhat lower than the < ou 

rererence voltagc on cathode of 18-4 trlcon trom voltage regulate | : 
> Meche. omeananes ‘. ; 
‘A8-3. This cnsures constcnt negative bias on velve je-4. Thererore if 
; eo. Read eer nee increases relo 


“tive to the cathode as the | oe 
ipa woltar-s . 


50 docs the curren: flowing through : 
valve JiB-! rnd resistor RS-6. This results in on increase: of oe . aa 
Hn ¢ ¢ 5 a Asons: a ) b 
Che VoLtsrc lro* stor conscaucntly, av the | Du 
whe Internal resistance 


C Cron across valve JIs-2 - 
PROROPGLON to the cutnut volta 


“8Ce 4S 3 result, | s 


a Cee SOS s 


ene oA 
CVs to oO ae oy 


 FGRATIVC. bins On the grid of ve 


we hn te r : 
this valve inercascs 


ar 
4nercascs in eyes se 5 
obs 


volvege roasins invariobic, 
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ne 121 = ae 
: tf the input voltage of the regulator decreases (or the 


% 


Aloe acd current ineresscs), the contro] srid potcntinl of valve 

He gh dcercascs which causes the voltage drop across rcsistor 

Bad _¢ to dcexease and control grid potential of Jv-e to ‘ 
—— The internal resistance of valve Ji8-2 decrcascs. The 
feoltnre drop.acress the latter decreases onc the output voltage 


Mages to she initial valve. 


Wea Tele Dae aN, 


; ihe magnitude of the roctivicd regulated voltage may be 


I cautuoried by potentiometer R&-ll (brought ont to the front of 
: ano unit penel) marked +300 V rcs. ( perya.+ 300 V) from the 


: * 7. 
felidor of which voltage is takon to the control grid of 
iO 

ROE 





eve vLivCc yom4 - Par ve Loa ‘ is ee 
Capacitor CS-4 passes the ripples dircevly zrom wae 
ropulator output co the control grid of vaive Js-4. 


; tl = bon ae os tains 
he output of the +300-V resgulavcd PCOCCL LoS CON Ss 
Fooape citor 08-5 designed to cnsur¢grclicole operation of the 


reotifier under puise load conditions 


~255-V regulatcd rocti: ice 


——a_ = -~ 
oa oe at — 
ennmer * Gate et - eer: 

— saeeee depen 


aa 
The rectificr yelve is actunily kcenotron I-21, ype 5SUA4N, 
Pr = ade We es as 
3 to +) smotron is fumishea from the sccondary 
'mhe A.C, voltage to the kenotron 


“ + + " ot ct 
22) he "god voltage is passe 
Swindine of transformer Tyno—3. The r CGE 


C 
B=5 GO rerpulator input. 
Snrough filter Cle, C8-13, Tps-5 %° ott ee ucae weal 
a ae a. ‘T it 
The oloctronic reguintor congists of the 10 Ow 11 


18-i2(613C) — veculating, i8=-13C684) = sontrol, WB-14CCr3sc) 


: : Bites pes atmonit and cizmcuit o2 
Pvoltegce regulator in wie eothode cireul 


Viief-, 
| Givider R&-24, R&-25; RB-20 | c setifier is similar 
| The operating principle ge 1+ 32, 
art — it 
to thet cf the +300-V rectifier. Resistors R&-7'1 elleviate 
with velvc [6-12 serve %0 ~ 


3 -¢@ in parallicl 2 
-33 connected in paral oy carrying part o: the 


: : » e 32 " ef? ele ty alveo 
the overating conditions § ot 1 V 


f lond current. 


el ay 
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: i 
3 i 
} 


wee ake hw Ofte 


Potentiometor R8-25 located on the front of the unit p 7: 
“ ane] - 


/ and marked ~255 V reg. (-2553 eT.) is used to control th 
moetificd remilated volterc " 


lo ® 
Connectcd at the output of the -255-y reevificr is rele : 

P8-1. The relay contacts supply 115 V to the ieinary sian | 

of anode transvormers Tp8-1 and TH8~2, ag well a8. to the ” 
primary winding of the high-voltage transformer in unit 

N25. Puncetioning’ of the relny ensures delivery of 211 th 
reetified positive voltages after a Negative oties af 1 

aS been applied to the radar, Upon failure of ae a i 
channel, 11 the voltagc delivered to the madar 
are removed throug 


Sct tne mite pee nS tip tan ete are ag me amen 
s : - 8 Ve = ms 


he r Airs 


25 o™ | 
from unit J8 i 

h the action of relay P81, _ 

+350-V rectifior 


—=— _ 2 hl ewe 


she reotificr euploys kenotron SIM (valve Je-5) os 

The A.C, voltzge ig applied to the valve from +sroansformer : ve 
Tn&E—1, The VeECTT 4 od volt : ; = : i, 
. oe es age 18 impressed on the outvut via 
filter C8-6, C87, JIpa-e, P . 
Potentiometcr RE&~35 ig y ne 

- Sed for adjustin | 

of the +350—V output, eee pene 


£1i0-V POC TIT Tew 4! 
~ employs two Xcnotrons SU3C (valves 18-6 | 
a 4 Hie «4 oe = 3 : | 
DOT TG. Voltage to the anodcs of the 
kenotrons is » vlicqa 2 : 

: VOT at a OT) transformer Tp Gm fe 
ae - 


— The rectivicd. 
cssed o tout V4 Llc 
38 nm the outout Via Pilter 


t 
C3-8, CE~9, | i 
roscntionctor [8-36 serves £Or 


: adjustines ; 
of the +lh4o-v outout. & the maguivade 


i 300SV_rectifticr 


Se 


ea emplovs Clit: leant ., | <e 
ee a a y <cnotrons 4l3q (valves 3-9 a 
P—i0) connceted in prrsallet i : i. 
1 pee ern OL SAE G “66g anodes of the Wy 
a ea from tranear yee U 
“ oh Wai Je Low >t QO: om” m ¢ ic + ; i 
tod te + wether TP8-2. The Ecetis lcd ok 
me BM AG Output via filtor CE=10 

() 
3 


«<? 
© 
f 
et 
f 
C 
tr we 
ta 
es) 
S 
'g 
tu b 


Coell, i 


AICO LS UOP RGA sery 


Oo 


8 Pox SLO™M GA an tarde ‘ 4 
“ecurave adjustment of the Ee 


“ oO PPT a! ele y y , aD an™, ” er 
Bed eb he dk wine wet Oo VAG OW au Voltace 
: . iy © 


Bésaded Ke el te mech ines mee ane mint seem pg 2 ie eg a A ntl dn <a 
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ga a pie Pa irbi td 
me a ee 

ad aa nee ag 

cn hee ee 


The unit provides for fuse protection of 211 the rectified 
gc channels. 


Channel +300 V reg, lip8-1, fuse TIK-O.5 A 


+300 V TIp8ee tase IIK-0.25 A 
+140 V Ip8-3 fuse TIK-0.5 A 
+300 V- p84 fuse.UK=1 A 


—255 V reg. [Ip8-5 ‘fuse JIK-0,25 A 
She check eae in the supply vOntaaS circuits _— V; 


a V, 400 ¢CepeSs ~ Iemp HTS~ 1 


+300 V reg. lamp HJI8=2 . 
+350 V lanp HJI8-3 

+140 V - lamp HJI8-4 

4-300 V lamp Hi8-5 

: 255 V lamp HIi8-6- 
: The unit allows a11 the voltages to be checked using 
hsest sacks I’ located on the front panel of the unit. 

' Yoltage 115 VY, 400 c.p.eS. is measured across jacks [8-2 
[8-3. | 


The same voltage being anplied to unit 2-25 is mcasured 


Re2cross jacks I8-9, Te-3. 


The voltezges below arc measurcd: 
Vreg.,across jacks [8-5 - [8-1 
V reg.,across jacks [8-8 - [8=1. 
V reg.,across jacks T8687 - [81 

V res. ,acrogs — P8-4 - T=1 
Vreg.,ccross jacks [8-10 - [5-1 

ack 8-1 is ee +o the unit chassis. 


Stnbi2sact: tion Unit CI-9) 


‘purpose 


Ge- 








Bank and Sight 


The funetion of unit 9 is two-vold: 
l. Bank gtebiligzation of the homing antenna (unit Jl). 
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“y 


. 3 @. Control of the sighting entcnna (vnit J-15p). 
) | The operation of the unit 
diagram (See Pig.8t). 


wm MG 


| 
| 
18 Lilustrated: tn ths Fumotsont 


Bonk stabllizatio 0 of 
eae a & @ 


oe eoeanaeneeoub ye © 


During straight and lev 


wee Te ee ee oy eerie TF : 
att 


cl flight, the error signal being a. 
applicd to the input of the bank stabilization channel of unit . 
J-9 is zero. 


w= oe © 
y= 


The crror signol is applied from the bridge diagonal | Ll 
(potcntiometor sliders) formed by the benk 


potentioncter of th 1 
vertical gyro 


and check bank potentiometer (unit J-1). The | ; 
oridge operates cn 40 V, 400 c.pes. 

When the aircraft is benking the bady oz 
ter in the vertical gyro is 


sete te 


the bank potentic 
dispinced. relative: to. the 
potentionctecr slidor in proportion to the bank angle, which 
results in unbolance of the bridgc. is 
The A.C, unbalance voltage of 400 cepesS. (Cerrer signal) ; 
LOCO Mele or bank and 2 (| 
phase varying with the direction of the aireraft bank (when | : 
the bank dircetion changes, the phase is reversed). 
unbelmec voltage is applicd to the input of the bank stabilize 
tion channel (unit [-9). Aftcr passing the orror 


amplifier with a differentiating 


mt a ampere e 
ei wee Ue 


a7 te 


has an amplitude proportional 


jaar i 
an, Sa 
: Spe. 


at 


wert te ee et 


Signal 
Circult, phase detoate 
| | D.C. amplificr, it is amplificd and converted to DP é 

, “ voltagc, which is szpnlicd to the unit coutpa 


| The D.C, output is impressed on the armature of the bank | : 
-  ectunting motor (unit 1). The motor field winding is con- zi 
, — mectcd across 27 Ve Av Small values of tho error signal, the : 
motor armature is furnished with D.C, voltage pulses, the | & 
direct componcnt of the voltage boing proportional to the | “if 
magnitude of the error signal. Thus, the motor snecd is : 


proportional to the magnitude of the errom girnal 
valucs of the orror Bignal 
OCMATULC » 


' ope, ‘ Se gme e . ‘x 
= z ee x man a aor ae om ee et re 
ocean as patente Sorts dnenniten IRS RS a Nem tet Dae 


srgin enue susie 


3 et larger - 
e7 V D.C. is applicd to the motor 
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iM a 195% oo ; 
). Be mho bank motor, typt K-12, drives round the antenne tilt 
lene axle go thet the axle may occupy the horigontal L- 
: BM , 7 ‘ ee ‘ L* . 
| pe sition vy moving simultancously the slicer of the check bank 
2 ape a. a4 . + aa on a whe ey ms ' 
epetemtiometor toward dcarcase of tho bridge unbsicnee voltage. : 
ae | bwish the journal axle in the horizonts] position, thea unput of 7 
Mand I9 will nov be furnishcd with on crror signal. As % 
heosult, voltage is not ceittan | to “che benk no sor Svaewur]e tron 
: ‘the unit outpus ond the motor comes to « standstill. 
r wn ELON G2 Alighting (univ 
; Sy ynchronous and inphesc rotesion oO: 3: gating (unit “ 
- oming (unit Jl) antennas ” 
: -L5M) and homing (unit 1 eeseeoev* @ & . 
= ¢ 
: mhe input of the sighting channcl of unit Il9 is fae 
Foomnceted + -o the votor of a sclsyn transformer, type A~ 3 | be 







(unit J-1511) which is coupled mechoenically to the sighting 
fantenna through gear retio 1l:l. The stator of the sclsyn 
‘transformer is coupled to thot of a transmitting sclsyn, type 
dee Loestcd in the homing ontcnnc. 

: he oe of tho transmitting sclsyn is coupled througn 


; } : ein’ a lv ® The h 
Feocar ratio lil to tho azimuth axle of the homing, micnna.e T : eI 
~otor is fed with 40 V, 400 CceDeS- | ; ; 

~- Yhon there is an ongular difrerence between the rotors | 


lof “ho trensmitting selsyn and sclsyn wre snsformer, a voltage is 
 tolcon from the selsyn trensformcr rotor, eroportional to the 
errer angle between the gcls yn rotors’ and rever Sing the phosc . 
‘with the sign of this angle. This voltcge; boing on crror | 
Sienel; a6 a +o the a of the sighting channel o1 ; | 
init Jl9 in the way similsr to the error signol coming to uae . 
! Input of the bank stabi slization channcle 

From ths output ox the signal channel] tne UC. as. | | 
apvlicd to the armature of the netuating motor couplea with 4 , 


sake 


ee mee ee atl ne caret 





s * s *~ ~~. 7% 4 rCos i 
the sighting antenna through o reuuewion Ebrre 


G “rng the sighting anvenns, nnd with | 
She actuating movor Orns oe ts . | | 
:] yr tyans. ormer tOyava COCS SC or ‘ti 
1 THe rotor a tie Scls Di bed be ob y 


4 £43 ng and 
¥ ~ ‘ ” ea 17°C Coit Ct ol . homing 
crror anglc therchy motching ac posit 


da Ad. 


4, . oS * s ‘é E 
whe sighting ontounnes 


“yo 
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. DPeseription of basic circuit _(eiz.85) | _ alk 


arse er 


ce : a ‘There arc two similar channels - sighting and bank 
ts stabilization channels - having absolutcly tdcnticn1 basic 
ne _ @dreuits ( slight diffcrence montioncd below). | 
The asscmblics common for both channels ere: » 


roo ene 
“at Fae mt 


Ancdc-filamcnt transformer Tp9-1, scicctor switch 
filtcrs composed of induction coils L9- ma L9-4, L9-11l sc 
respective capacitors. 

 *franslormer To9-1 is rated for operation Prem the 115 v, 
OO CefeSe moins. It has four windings: one vrimscrr. 
sccondary. Tro accondery windings produce 350 V te zucply 4 
anodes of the phoac detectors, i.ce to obtcin refcrence 
voltage, onc sccondary winding fecds the filemcnt circuits of > 


all the vaive and is uscd to produce en erti 
signal for tuning and testing circuits of the unit. : 
The @imilar component narts of both cnann nels are: ie 
l. Error signol amplificr ~ the left +tricde of valve 
W9~1 (19-3), type 6H9C, with differentiating circuit Pormed: le 
‘by resistor R9~7 (R9-57) and canacitor C9-4 (c9-54). | OM 
2. Phase detector - the right triode of valve Jig-1 (79-3); 
type 6119C. | ES 
35: C, onplifier ~ valves JI9-2 (J9-4), type 6H8C. | | i 
4, Fiiters ~ induction coils 19-1, 19-2, 19-5, L9-6, 19-7; | % 
L9=8, L9-9, L9-10, 19-12, L9-13 and respective capacitors. a 
Qe Relay amplifier - polarized relay P9-1 (P9~2), power i 
relay P9~3 (P9~-5) and PI~4 (P9-6), 
6. Pilot lemps JH-1, JH-2 (WH-3, WH-4), | | a 
| fhe unbracketed names apnly to the Sighting channel, and | ots 
the bra eketed ones, to the bank stabilization ehannel. 


Picial crror i 


“Unit_supply of 

‘ The unit operates on 115 v, 400 CoDeSe3 27 V DG, and it 
4300 V D.C. | | : Of 
Cperation of sighting channel t 
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Error signal anp lit ie 


The error voltage is applied to the input of the unit ~ the 
‘loth prong of connector []p9-1. Through switch B9-1 set at 
| OPERATION CPABOTA ) and resistor R9~-75 the error signal is 
assed to gain poventiometer R9-81. (If undemped oscillations 


{ 


nest in the closed-circuit system at the zero position, i.e. 


i 


| the system starts* swinging, these oscillations cen be stcpped 


YD custing out gain.potentiometer R9-31). [rom the poteniioncter 
: slider the error signal ig fed to the Laput of the error signal 


aes dor (grid 1, valve J[9-l). 
= mhe error sienal anplifier employs the left triode o7 


volve GU9C. The anode is supplied with +300 V D.C. The anode 
load is resistor R9-1, the decoupling Yilter is formed by 
enpacitor C9-1 and resistor R9-2, the automitic bias resistor 


"ft gk “la =, ee 
mee Rs ot 


is cathoce resistor R9-3. | 

The amplified error signal voltage is applied from anode 2 
a? valve Jb-1 to grid 4 of the same valve (the input of the 
phase detector) through a divider formed by onupacitor C9=-2 anG 
resistor R9-6. 

Fis.53 shows the voltage at the output of the error 
signal a Cerid 4 of valve Ji9—1 plotted against the 
error signal applied to the aa of the amplifier (grid 1 of 
valve ice om 

The curve tilt (Fig.87) determines ‘the gain factor of 
the error signal amplifier. 


c: 


Phase detector. 


@eoveeaeeaevpeeee ous 


The phase detector employs the righ triode of valve Jp-l. 
| | The anode of the phase detector is fed with 300 V, 
os - | 400 C.peS. from transformer Tp9~1. The anode load is resistor . 
 R9=5, and cathode resistor is resistor R9-4. — : 
| A pulsating voltage 1s obtained across load resistor RI-5 
whose magnitude always remains constant In the absence of the 
: error Signal. The A.C. component $3 taken by shunting resistor 


| noe with capacitor 09-8 The D.C. component of the voltage is- 
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appited through differentiating circuit R9~7, C9-4 + 

or the D.C. amplifier Cerid 1 of valve 19-2), | 2 the inns 
. At a considerable lag in the regulating device of 

POLE QveMD system, part of which is one of the channel a 
Sighting channel in the eage concerned) of unit ts S (the 
osedliaticns are likely to occur in the system ais — 
ing antenna is controlled in proportion to ~ Seas =r 


Lw@~e> Ei cd a 
° vere Sxists a lag between the error time oa 
ait ch 


Pernice | nad the time 
t1Ortus are apnlied to cancel this error, To reduce the l 
in 1G! tr q art = . . : | ° : 
: he rermalating device, a aiftterentiatine Clr Chit , 
nO=7 C afi ® . ° : &> a UV 
» C9-L) 18 provided which gives s leading niaqs A: 

iti “ : G2Gings phase displacengs! 

t voitage within the frequency band at which 

. a po a 
Oscillations MaY occur, 


The voltage taken from resistor R9-5 ig negative 


An A.C voltage otf 300 
* ow V5 400 CeDeS. 2 licd t 
anode of the phase detector may be CO - a 


voltage relative to which an er 


nsidered as a reference 
vor voltage impressed on the 
AP ine orn ac amplifier is in phase or in antiphase. | 
- i x “wage is in phase with the reference voltage 

© Voltage on grid A | . 

of valve JI9-1 ¢ | 

7 “i (phase detector innut 
Will be in antinhase with the ~efore ee 


7 _ e he ° 
exe- input of the error Slenal 


A 


. 





nce voltage and magnitude 


of the nevative tas 
fe > voltage drop across resistor R9-5 will decrease. | 


As the = a. 2 
C crror voltage increases, the voltae 
vOee drop across 

in antiphase with tho ror Iv the error voltage is 
7 . "CLCrence voltae : 
TOSS resistor R95 in Pot tae geen mcs VO Meae es 

Ose creases r - . 
voltage rises, © and will rise as the error 


resistor N9-~5 decre: | 
S18 je decreasog respectively, 


Apart from being #28 with the negativ 
upon the phase anée =mplitude of the ane 
the input of the D.C. amplifior =e 
a positive voltage constant in 


voltage depending 
crror voltage, | 7 
Cerid 1 of valve 9-2) is fea 3 
rosistor P9-8 is aa. athe This voltage via , 
R9~79 (BALAICL) which together wan aac 
constitute a voltuge divider for the “Stores R9~9 and RI-10 


7 fs ta ex 
resultant voltage ig Positive, — Senn wae 
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4 The resultant voltage at the output of the phase dat 
/ (input of the D.C. amplifier, grid 1 of valve N9-2) and its 
|. components plotted against the error voltage applica to +h 
cinput of the error signal amplifierare shown in Fig.88, Big.89 
;shows the output voltage of the phase detector plotted against 
pits input voltage. The curve tilt of Big.89 detormines ae 






gain ractor of the phase detector, 


D.C, amplificr 


Ce eb es p68 ee ce 
The D.C, amplifier omploys double triode 6180 (valve iQe2) 5 
;the valve has an unbalanced voltage input and a balanced 

f current output. Its anodes are supplicd with 290 y H,0x terourn 
Ethe control windings of polarized relay P9-1 and resistors 
PRg-18 and R9-19. The relay control windings and the 
Fresistors arc the anodc loads of the D.¢. amplifior. 


as 


) The balanced current output is devermincd by the voltage 
pat grid 4 of the right triode of the amplificr varying with 
tthe incoming signal inversely to the voltage change at grids 
fof the left triodc, ise. 1 voltage inercase at grid 1 cor- 
| responds to a voltage decrease at grid 4 and vice versa. 
) This results from grid 4 being connected via reSistor 
RO-13 to voltage divider R9-12, F9-14 which is coupled to the 
fanode of the left triode. 
) Opposite changes of voltages at grids 1 and 4 of the 

f the anode 





/D.C. amplifier agree with opposite changes o 
currents. 3 | 

: In the absence of an orror signal the currents flowing 

| through the left and right triodcs of the emplificr and henec 
ibis the control windings of the polarised rclay must be 

| equal. This is achicved by rotating potentiometer R9-79 

| BALANCE, | | 

Notation of potentiometer P9.79 whilc changing the positive 
conponent of the voltnge on: grid 1 cqualizcs the voltages | 








' 
4 


a cee ee eo 


7) On E~lds 1 and 4 before the moment when the currents through 
both nortions of tho valve become equal. In this case, the grid 
Potential to cathode is 8 ¥. 
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| When the crror signal is furnished to tho channel input 
| a the currents through the left and right triodes will be ee 
| | ; The.nature of current reversal versus the voltage at the 
 & e, input of the D.C. amplificr (erid 1) is shown in Fiz.90, 
| | The curve tilt (Pig.90) determines the D.C. amplifier 
transconductance. 
Relay amplificr 


a | | cOoccovevessees 
The relay amplifieris composed of threc relays — polarizc 
relay P9-1 (type PII-5) and two power relays P9-3 and P9-4 
(type Pjl-5m). | 
The polarizcd relsy has three windings: two contol fs 
windings (3, 4 and 5, 6) and one feedback winding (i, 2). The | 
armature relay occupics the ncvtral position and closes the 
contacts in the extreme positions upon operation of the relay. 
The powcr relay has one working winding and one switching 
contact unit. 
In the absence of the crror Signal, the currents through zr 
the control windings of the polarized relay are equal (Sco b: 
Fig.90). The magnetic fluxes set up by these windings are ae a 
equal, too, and oppose cach other. : - 
AB & consequence, the resultant magnetic flux is zcro and | : 
the relay armature is in the neutral position. | i: 
When the channel input is fed with an error signal small 
in magnitude that incroases the current in winding 6-5 
and dccreascs accordingly the current in winding 3-4, the 
resultant magnetic flux causcd by the current differcnce in 
tnese windings forecs the relay to Shit? the 
neutral to an extreme position and 
this case, +27 V is applicd to the 
P9-4 chenges over its contact unit 


armature from the 
close contacts JI and A, -M | od 
relay P9-3 winding. Relay _ ; 
to supply +27 V ta the arma’ : 
of cue @ccuéeting motor in the Blehting entenne, we 7 V received 2 
sey, et. moray “wey | 

“y the armacure from thie cortvaants or relay 2943 whose armature 


16 relesscec, power to the motor field Windine is supplied in the. - 


is 
gignting antenna. 


7 
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) From potentiometer R9~1? connected in parallel with the 
contact of the power relays feeding the armature of the 
factuating motor part of the voltage is taken to the feedback 
‘winding (1, 2) of the polarized relay. 

The magnetic flux set up by the feedback winding — 
\the resultant magnetic flux of the control windings (35.4.5 

(6, 5) and compensates for it. The relay armature is reset to 
‘the neutral position breaking the power supply circuit o2 
‘relay P9-4 winding. 

: Relay P9-4 drops out, the output voltage disappears, and 
with it the current and magnetic flux of the feedback wiz: 3 
mhe resultant magnetic flux of the control windings acts again | 
and the relay armature closes contacts [land —f. ‘the armature 
ot the actuating motor is fed with the second voltage pulse, 
land further the relays operate in the vibrating condition. 

The D.C, component of the voltage anpiicd to the arnature 





*. 
“ tA 
wa 5 


war's 8 


of the actuating motor in unit J15 is small, the motor rotates 
the sighting antenna at a low speed to reduce the magnitude of 
the error signal. This results in a cecrease of T 

hone from the cutput of the sighting and benk stabilization 
nit (19) to the motor armature in the sighting antenna unit 
'(A-15m) when the homing and the sighting antennas are matched, 
and the motor stops. If the error signal apvlied to the input 
‘of unit [9 is larger, the pulse width inereases and so docs 

|the D.C. component of the voltage applied to the sighting — 

| ant enna, motor, Tne motor starts rotating the antenna: ot a higher 
| 

: 


he volt ves 


eR EE SE: HE: 





‘ : ‘ror signal 
specd. At a certain, still larger value 0: the errom sig 
| C2 


s a 


se the magnetic 
olar 


ithe motor rotates at full speed. Tnis is be 
C ized relay 


'flux produced by the feedback winding in she po 
lis not carable of compensating for the magnotic flux eaves 

| by the current diffcrence in the control winwings, ana Une | c; 
relay remains attracted all the time. 46 & result, relay 
P94 is permanently engaged in operation an nd we] V Ds 


applied to the armature of, the actuating mover. 


is 
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if the homing antenna starts rotating in the opposite 


direction, the input of unit 9 is furnished with an error 


signal in anti-phasc, This increases the current in winding 3 


| 

| 

| 

| 

| 

| 

7 h of the polarized relay and decreases accordingly the current | 

| : | 
{ 


in winding 6, 5. The polarized relay together with the power 


relay operate similarly and this is the condition at which 
contacts H and Jl of the polarized relay close, power relay 
P9-3 functions and the armature of the actuating motor in th 
sighting antenna 


unit is fed with the voltage of the reversed 
polarity. 


The waveforms of the pulses furnished to the 


the actuating motor in the vibrating condition of tne unit 


—-l15M relay ana the error puise corresponding tO 


them are 
shown in Fig.9l. 


The frequency of the same pulse depending 
signal is shown in Fig.92. 


The value of the vibrating co 
of proportional regulation of 


upon the error 


pak a er i RR aa 


dition determines the range 
the system. This characteristic 
is dependent upon the feedback control in the relay amplifier. 
The feedback control is effectcd by potentiometcr R9-17. The 
vibrating condition valve decreases as the voltage applicd to 
the feedback winding of the polarized reley decreascs. 

The output voltage of 


the unit versus the current aifrerent 
in the polarized relay control windings is shown in Fig.93- ! 

The curve tilt of Pig.93 determines the transmission 
factor of the relay amplificr. — 


The output voltage of the unit versus the error signal is 
shown in Fig.94. . 


YNamping is effected by can 


acitor 09-5 connected between 
the anodes of the D.C. amplificr 


Tn, the relay amnplifior eepiieee (hs ‘ arc used on all 
the incoming and outfoing lcads, 
Contact unites of relays r9.1 


D9=3, P9~4 have spark- 
control circuits compescd of 


. oopneltors 09-9, C9~1O, C9H1l; 
C912 and resistors h9-CO, R9-21, N9-22, RgQX~23, 


samen =m inaembnnees <—emmem ae me 
ei ta Im 
ee 
i 
fin OT : 
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Capecitor C9-S bridged across the output leads with capacitors 
, | he9-9 and C9-10 in the spark~control circuits reduces the noise 
reproduced by the contact units of power rolays P9-3 and P9-4. 

: The sighting channel in unit 29 functions only when 

banc radar is operated in MANUAL IT and AUTOTRACKING modes. 
pohis is eorer tes ™ that the —— of unit am is connected to 


ey sat 





we via the contacts of ss Plo=5 paatalued < in the 
i distribution DOX. 


- 
Ret = —_ —_ = CO —_ owe =—s* —. aia i oment ue imma en toi 


The bank stabilization channel operates in casentinliv the 
f Aas am eens eal a fe 
}sumc way as the sighting channel. The only diffcrence is that 
+27 VY is applied to the contacts of the power relnys through 
ithe pilot switches installed in the extreme positions of the 


/bank check potentiometer in unit I. 


Checking Unit Performance 


=_=-—leMtlClOlCl tlle lee ESC 


protective and signalling circuits 


To check the performance, tuning and adjustment of tne 
unit use is made of transformer Tp9-1 to the filament winding 
| of which are connected potentiometers CHECK ( KOHTPONB) R9-?77 
for the sighting channel and R9-76 for the bank stabilization 
channel. | 
From the sliders of these potentiometcrs an ortit ie iat 
error signal mny be furnished to potentiometcrs GAIN ( YCHIEHWE 
of both channels with switch B9-1 in position CHECK. Rotating 
the sliders of potentiometers CHECK varics tne artitietal 
error Sienai in amplitudc and phasc. In the presence of vw: 


Cla bed } 


artivieicl crror signal tho unit performance is cheekud by, 
rilct lamps JH, type CM-30.- 
Tanps JIH9-1 and WH9-2 are in the signving chamncl and 


to esppilicd 
Azght up donencine on tne polarity of the voltage SY] 
and henoec indicate 


+45 


“Oo the armature of the actuating motor | 


a , 
~~ 


eS er rant" 
“LO ‘BOnSe on retation of the motor. 
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# 


amps JIH9-3 and JIH9-4 Serve the samc purpose in tho pam 
channel, ™ 

Rada en HJI9-1, type MH-5S, indicate LS 
400 -¢epeS. and 300 D.C. The 300-V circuit is protceted bi 
©: ps ies type IK. 

For both channels test jacks II and P2 allow monitoring 


the crror signal voltage at the input of the crror signal 
amplifiers, 


Ye a 


r | s ° 
Jacks 1,4 allow monitoring of the input voltages of the 


phase detectors; jacks 2, 3, 5, & voltages on the control Grids 


or the D.C. amplificrs; test jacks P]m3, [T-5 and TH4, TH=6 tho 
voltage between the anodes of oneh DCs em Vitter se Seeks 7 g 
the voltage across potentiometors CHECK (presenec of an | 

artificial error signal and Tilamen 


Tp9-1), 


J 


tb voltage of transformer 


Course and pitch stabilisation unit uit C19) 
Sa, Raa i en spare alates amare aerate 


the course and pitch stabilization unit is. electricaily 
and structurally idtnical with the bank ana Sighting 
4 ay 


stabilization unit. Therefore the unit funetioning, ic. 


conversion of the errer sirnal voltage applicd to thc input 
, 4 7 : 
of the unt t 2nto. the. -p -C, VOltinge taken from the unit output 


is compictoly analogous te the functioning of unit T-9, the 
functioning of the courec stabilising channel is snalogous 
‘~ re n> t q 


to that of the sirht: oh 2 
Slehting ch annol, and sunctioning of the pitch 


stabilisation channel, to that o? the ba 
channel, 


nk stabilization 


| Twn + mon co an of 
O. Tracking Unit i—1.0 


3 
i 


"he Srockine unit is in: 
antcnna in sll the Operating modes of radar I—IT 
During sutor sage Raia 
| & matie tracking Crror Signals arc su 
the unit from the scloctca: as ica 
weecescd’ Siganls coming in trom th Leotor 
. 4 4 Loa 4 vI1G SOL - 
output of unit i? and Converted ty D.C 4s seg th 
+ Slisnels controlling the 


azimuth and clevation eiplidynes in tho aye 
ieitehices tracking modcts 


u CG yf ; 
nacd to control rae homing 


ao 


‘) 


z 


i 
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‘apart from the above, the fcedback signais are amplificd in the 
tenoking unit which are then added to the mnin signols, and 


ntrol voltage is shaped for application to the tracking motor 
1 the autotracking and circular scanning modes. Besides, 


fs 


o2 


shaping of control currents ig made in the unit flowing 


through the control winding of the .zimuth amplidyne during 
F guotor scanning and manual laying. 


2, Functional _and_ basic circuits 


with regard to the functions performed the unit wiring can 
(be divided into the following circuits: 

1, CiPCuLs sepaxrting mete Crroer-sipnal 2rom. the ec.ceecd 
signals which includes tne rollowing elemcnts: - 

(2) AGC detcotor omploying valve JI.6; 

(bo) resonance T-scetion filter RC adjusted to frequency 
| 20 Osos 5 
(c) error signal amplifier and phase invertcr cmploying 
Pyalve JIL0-17. 
2, Circuits controlling the azimuth ond clevation 





anpiiaynes,; Caen Gircurt including the following similer 
elcments: 

(2) phase detector with a filter in the asimath exannel 
loying valves Jlo-1 and Jlo-2,in the clevntion crannel, 
ves Jio-8 and Jlo-9; 

(bo) shaping stage (squarcr) employing vrive 1lo-3 in the 
azimuth channel and valve JIlo~1o0 in the elevation channel; 

(c) D.C. omplifior in the azimuth channel employing 
valves ilo=4, Jlo-5, in the clevasion chennel, valves JLo-11 
and Aloe, | 
. + 3. Gireuits of the fecdback ampli am the acimuth chonnel , 

| cnploying valve Jlo-7 and in the clevation i aheoes yalve - oe 
ta 


Cll 


rn 

abs 
te 
=T 

a 


eck Ad Re nk re ll a en a dk cm s,m, Sim Sle area A ea ee a a A Pas a As linen ahaa ane en Pi te ot gate Re 8 bs PAN en a Ue IT Pelle = seme Rarmtiatl ehaar SPR S A pitt mh <li tpt Ait fe li ltr mi +l na eS lh err 
: 
ag 


Vet 


S00 ae A Se Tt a A A Se RY A AS I 


i rt ee er 


eee eee 


iloelh, Tach eireuit contains a damping amp Tier ALLOW: 


awe ’ aay: hy ores = ~ 3 “ 7 CU 40 
balancing of tic D.C, auplificr uscc in She main carcust 
controlling the amplidyncs. : 

’ age Z 1 erty < al a} ey noe. ned “SOL AG ic 
4. Civoutts anplitying error cignalc ob 


ov aon aompliiser 


Sclayns during manual laying, cach consis vine 


fis 


nd bhege invertcr: 
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employing valve MlO0-15 in the azimuth channel 

and valve j10-13 in the clevation channel. 

| De Tracking circuit consists of an amplifier and a Phase 3 tj. 
inverter employing valve JI1l0-15 (use is made of the sclsyn 
crror signel amplifier in the azimuth circuit) end a power 
emplificr employing valve Ilo-18. 


6. Scetor Scanning circuit which includes thc following 
elements: 

(2) phase detector employing valve 20-213 

(bo) dclayed multivibrator employing valve Jic-29 anad 

(c) D.C, nmplificr JDo0-19. 

The block diagram of the trockine unit is shown in Pié,95 ( 


Shes Gd SY 


convenicnee relnys Plo-1 and PlO-2 in the diasrem are 
Substitutcd by switches). The 


Shown in Pir.108, 


Schematic diagram of the unit is 


yee 


aS ote lt aan mi" ow “”y & 
separation of crro:x Sienal from selected signal 


~ 
=z 


During sutomatic tra ching the elrceuit invut is fed with 


selected signals from the rndar channel, In the presence of 

an crror Sleml these positive vulscos <Ollowing at frequency 

No are modulated cy frcaucncy Y c.pese . 
The modulation depth during sutonatic targot tracking may 

vary from 0 to 10 ver cent. When the Cereeo: aed 

moduletion denth may reach as much as 100 per cent and even 

cause fading of a serice of video pulses, | 


ocked on the 


TAG input starc of the crror Sienel cireutis employing 
+ J: e“O> 


aractcristic and performs 


pentode 643 her a aig mote cutoff? ch 
a. 
.cation end sutomatie fot ontroi of the 


detection, amr 


erro a a si ae eee vo rT) 


cd os an orraor signal dctce tex 6 


7 * the grid circuit 
grid » onthede) of valve I1L0=16, 
“wa 


when positive selocte 


re furnished to the éet gis Was: 
The GCtvcetor Luput , the grid etrouit 


i 
5 
i 
: 
1 
t 
: 


'¢t 


c 
of valve JO—1G in the presence of 


pulses will carry erid 

CBLECNE ANG Copee Tor Cl0el> wilt senuden « harge through the 

internal resiavance (rvidecathodo) of the y Valve and load 
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Pposis stor of the cathode follower at the outvut oF the radar of 

“the autosclcotor (unit 17) (See Pig.: — ie 
uring the resting time the capacitor 19 going to discharge oy 
‘through evidleak R1l0-25 ané the load resistor of the cathode 
Sgollowor. mhe discharge time constant is much in cxecss or the 
charge time constant which wes included in the srid-cathode 
vscction, lead resistor of the cathodc followor and capacitor 
iol 02136 

= 


ie The action produccd by the widcncd grid pulscs on the 
stn gc duc to provis ion of capacitor Cidt-ll in the anode circuit 


foe ks 


Fe 


wy Ea 


pis cquivaicnt to the D.C, componcnt being applicd to the rrid. 


ed 


The componcnt is mce@ulated by the low freaucney or the vicco g 
Sa envelope. 
ie 


/operation is performed with a sufficicntly Tes smn livuc 


* 


Since valve 6K3 has n romote cutor! characteristic ana \ 


cy 
he 
ity 
ae 
fad 
2: 
= 


c 
O 
b 


pone inout pulses and automatic grid bias, the auvomatic gain i 
control in the stage is effcetcd by the signnl. This censurcs 
onaraney of the error signal amplitude at the input of vaive i 
foes when the modulation dcoth of the scelcetcd signals is : 


As scen from ‘apace she control grid of valve “thea, | i 
, type 6K3, is coupled to resistor Rl0-25, ond the vaive cathoce _< 
Dis carthcd. The avernge value of the rectified voltage or the cs 
| erid dotector is the negative bias on the control grid of | 
alve 6¥3 (Jho-16). | i : 
| @ho operating point of valve 63 is scleeted so, thit the 4 
= bias on the control grid may be of the orecr of 0.2 Ve 


C: i the piekcud-up signals changes th 
Changing the intenaityoft the picxeGeup ele 
the dctcetor load 





es eae 
rn 


& 


ee eee ert: 
vel 


Paverage valuc of the rcetificd voltage across 
/ond henec the bias on the valve gride 


eee 
tee he 


‘ 
oad 
wee erage ie ag Se yen pe cA NR AST MET A ET 


the, sepia bias of the valve 
on ececntion On weaker signels the eric bias 92 | 


| 4 an ae 7 rons t 
dcereases so that the gain factor of the stage Increnses 


God . 
Ce ° “or seypig the erid bins of 
(See Pig.99). On reception o. stronger signa.0 wav bf 


in vector dcercasces 


Oy 
> 
C3 
3 


the valve inercases and the sta 


E 
v 
a 
5 
4 
4 
. 
at 
co 
t 
Sy 
+ 
’ 
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ce ome me ee ew, 
fed A I fle 1 lsat a Al re 


{ AS a result, the signal amplitude in the anodc cireyt+ 
: appears to ve independent of the intensity of the picked~up 
Signals. 
“As scen from Pig.99 the A.C. component of the anode 


current of valve 6K3 is found independent of the input signa? 
level. | 


‘ . 
as See pe te oe 


fo make stable the AGc pepgulacing characteristic the serea, 
grid of vaive J10-16 is fed with a stabilized voltage of +105 ¥ 
from stabilivolt CT3C (Jllo-22) (See Pig.100). 

The error signal from anode of valve JILO-16 is teken 
to the amplifier and then to the phase inverter employing 
the triodes of valves JIl0-17. 


et ee 
2 Cente p niles wtp ot 0 L2 ul te orient He Tet 
. 


The anode load of the amplifying portion of the valve is 
resistor R10-31 and T-section image filter RC tuned to error 
Signal freavency 0 c.p.s. 


Pilter RC is essentially two symmetrical T-shaped meshes 
conmecied in parallel (Pig.97). 


a FR EOL TOTES ARTF 


ane. 


Tuning to resonance frequency is effected by variable 
resistors R10-28 and R10-29. 


This filter is used to apply negative voltage feedback %0 
the grid of amplifying valve J[lo-17. 


At the resonance frequency the filter offers a large 
resistance, and the voltage fed in anti~phase from the anode 
to the grid of valve JI10-17 is low. At all other frequencies 
heavy feedback sharply reduces the voltage gain factor. 

The amplificd error voltage is applied to the 


grid of the 
left portion of valve JllQ-17 functioning 


aS a phase inverter. 
The gain factor of the anode and cathode arms of the 


phase inverter is near to unity. The knob o? variable resistor 


| R1LQ-131 serves to set the required error voltage gain factor 
| - during automatic Meee oee 


oe = 
= — wm ‘ise — peers — —_— —_ —_ 
a 


me SE PPB CK INS 


In automatic tracking when relay Plo+-1 is caused to operaver 


azimuth phase detectors Jho-1, flo-2 ana elevation phase 
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one Tlo-8, Jllo-9 are supplied with an error voltage 

rom the phase inverter omploying the left portion of valve 

lol. | 
fhe phase detectors shape azimuth and elevation control - "a 

-yoltages out of the alternating error voltage and alternating : 

yeference voltages. The circuits of both channels are identical, 

“therefore it suffices to confine ourselves to considcration of 

Pia azimuth circuit. 

The phase detector uses two double triodes 6H9C. The 

“control grids of these triodes are fed with the output voltage 

of the phase inverter. 

: The square-wave voltage is applicd to the anodes of the 

: ‘phase detector Prom the anode.loads of the squarer using 

|evalve jno-3. 

a The reference voltage to the avids of the squarer is 






ee ee - 


pepplied from the reference voltage gencrator in unit m. 


7 In other words, the clevation 
‘reference voltage is 90° out of phase with the asimuth reference — 
Evo Ltage. / 

Fig.98 shows the simplified @ diagram of the phase detector 
F and SQuarcre ee 
The saquarer and the phase¢ dotector function as follows: 

q irariven 

vee Squarer employs valve GHIC behaving as an overarive 

The squarcr grids are supplicd wivh a sinusoids] volteé 

i A sion the sanc= 

of the order of 80 V. In the posivive alternation the sin 


| my cs 2 in the negativ 
wave is clipped by saturation of current, anc c . 


Te Bal de eta R a 





a 
7 X es a C rg er moh 
POSES ES Tee, oe Re Men ee SE as ee 


bY 


© 


Myla tio 


, : £ ayit ays ott hus, a8 a ru 
/ alternation by driving the valve to out off. PAVS, 


3 


Fe = aa srt - t: sau ard 
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Since the cathodes of the phasc detector triodeg are 
interconneoted, then irrespective of the fact which triode 4s 
open cathode loads R10-49 and R10-50 will carry direct anode | 
current developing a voltage drop of about +76 V. D.c. compones| 

. of about +75 V is fed from the phase inverter to the grids of 
phase detector valves. Thus the bias on the valve grids of 
the phase detector will be approximately -1 V. . 
7 oe The phase detector circuit ‘hhns a cathode output, that is 
| SO why its gain factor is less than unity. 

When an error voltage is applied to the phase detoctor, 
its output voltage will be the result of the comparison of the 
error voltage phase with the phase of the reforence voltages 
obtained from the squarer anodes, 

Consider operation of the phase detector when its grids 
are fed with an crror signal. Fig.101 presents the curves 
showing the voltage warcforms in various parts of the circuit 
when the error signal and the refercneo voltage arc in phase. 

The crror voltages on grids 1 and 4 of valve Jl1l0-2 are 
in phase with the respective voltagcs on anodes 2 and 5. 

The crror voltages on grids 1 and 4 of valve Jllo-1 are in 
-anti-phasec with the respective anode voltages. In the first 
alternation the right portion of valve Jllo-1 and left portion 

of valve 10-2 are open. The magnitude of the anode current 
of the valves will be determined only by the voltages on _ 
grid 4 of valve Nio-1 and erid 1 of valve Jllo-2, 

Since grid 1 of vaive JIloO-2 ig fed with the positive 
alternation, and grid 4 of valve JIlo-1 with the negative one, 

oS the current flowing through resistor R1LO-50 increases and the 
current flowing through resistor R1l0-49 dcorcases,. The cathode 
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; yotentiel of velve Jn. rteos eee thet of velen Jtla.2 falls. 
Tu the nex. elvernzasion the left portion or valve Tlowl and 
right portion of valve Jllo-2 appear to he conducting. ‘Grid 
of vaive Jl0#l is furnished with the negative alternation 
end cris heat velve 710-2, with the positive one, The ne bee | 
pessing “so G. Pesistor Sideyt Ineroares cyeinu, anc the ourrcm 

passing through resistor R10=49 decreases accordingly. 
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Be us, when tho error. signal ‘and the rofcrenee voltage 
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conduct in the interval betwoen the phase angles from 90° 4, 


270° ag a result of which grids 1 and 4 will control the oncis | 
current of the valve. 

The cathode potentials change with the grid potentials, 3 

Ro 4 At 290° the enthode potential of valve 110-2 is a mnaxine | 

/ | and that of vaive JIl0-1 is a minimum. The change of the anode 

| bs voltage at 270° will result in ‘that the right portion 

bm, - valve Jlo-1 nnd lett portion of valve Jll0-2 are open, and the 

a anode currentsarc controlled by grid 4 of valve Jf10-1 

ae of valve Jlo-2. Since at this moment the potcntial of erid 4 

ig aA maximum, and the potential of grid 1 is 2 minimum, the 
cathode potential of valve Jl0-1 riscs a 


Nlo-2 falls to 2 minimun. 
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From this time on to the end of the period the cathode 


potential of valve JIlc-1 will change with the change of 


ge 


potential of grid 4, and the cathode potential of valve J0-2 
with the change o2 potential of erid 1. 
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The cathode voltage curve (See Pig.l04) boing symmetrical 
in relation to the initial level, the average value of both 
cathode potentials remains the same as it was with no error 
voltage applied to the grids. 
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Thus, when the crror voltage is shifted in phase py £90° 
with respect to the refcrenee voltage, the control voltage is 
ZCLO « | | 

From the above two examples it follows that iv the aziaut 
a phase detector is furnishcd with an crror signal coused by the 
target cGisplacemcnt in azimuth it will bo in phase with the 
Po azimuth refcrence voltege and the azimuth control voltage is 
a obtainablic from the output. This error signal crentes no 
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wracking unit Jo and noming 
antenna Jl, it is provided With antihunt circuits (flexible 
fecdback) by meang o? which regulated voltages are injccted. 
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